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recommendations for vitamin D supplementation or the use of dark (i.e. oily) fish may be 

prudent. [Study score = 23-1 

As noted in the previous section on younger adults, Bischoff-Ferrari et.&. (2004a) 

reported sign&ant positive associations between serum 2S(OH)R concentrations and 

total hip BMD among 3,512 white, 1,167 Mexican American and 1,237 black participants 

in the NHANES III study who were 250 years of age. [Study score = 43 

A prospective study of 891 women (mean age 47.5 years at baseline and 53.9 at follow- 

up living near Aberdeen, Scotland was conducted by Macdonald et.aZ. (2004). Mean 

total calcium intake (food and supplements) was 1,070 mg/d at baseline and 1,032 mg/d 

at the end of the study. Analogous data for vitamin D were 4.5 and 5.5 pg/d. Energy 

adjusted calcium intake from diet alone was positively associated with BMD in the 

femoral neck (p<O.O5). This association remained significant (pG.05) after correction 

for age, height, weight, annual percentage weight change, physical activity level, change 

in physical activity since baseline, smoking, menopausal status and HI’ use. There was 

no signi&znt association between calcium intake and spine BMD. Vitamin D was not 

associated with BMD in this study, but this lack of association may have been because 

intakes were adequate. [Study score = 2+] 

2. Intervention studies 

Dawson-Hughes et.aZ. (1991) conducted a one-year, randomized, placebo-controlled, 

double-blind study with 249 p&&menopausal women (mean age = 61.7 years) to study 
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the effect of vitamin D supplementation on bone loss. The subjects (residents of the 

Boston area) were randomized to receive 10 pg (400 II-J) of vitamin D or a placebo tier 

stratification by dietary calcium intake and years since menopause. Both the vitamin D 

supplement and the placebo contained 127 mg elemental calcium as calcium phosphate, 

and all subjects received an additional 250 mg calcium as CCM. Dietary intakes were 

estimated by a FFQ. There were no diflbrences between the experimental and control 

groups in age, years since menopause, weight, percent smokers, alcohol consumption or 

whole body or spine BMD. There was a borderline difference between the groups in the 

percent of women who had experienced menopause in the last six years @=0.07). Total 

body and spine BMD increased in period 1 (June and July through December and 

January) and decreased in period 2 (December and January through June and July). The 

increases in BMD at these sites were not significantly diflbmnt between treatment groups 

during period 1, but there was a significantly reduced Ioss of BMD at the spine (p=O.O3) 

in the vitamin D supplemented group during period 2. The change in spine BMD for the 

entire year was significantly less (p-0.04) for the vitamin D-supplemented group. .The.re 

were no diExences in physical activity between the two groups, but calcium intake was 

approximately 10% higher (-8 10 mlsJd vs. -728 mg/d; p<o,OOS) in the vitamin D group. 

Vitamin D intake was also significantly higher in the experhnental group (p<o.OS). 

Plasma 25(OW)D decreased in period 2 vs. period 1 fbr both the placebo 

(-20.7%; pCO.001) and the vitamin D (-4.9%; p<O,OOS) groups, but the magnitude of 

reduction was significantly lower in the vitamin D group for both periods (Ir=O,OM). 

Serum PTH increased during period 2 in the placebo group (p<O.OOl) but not in the 

vitamin D group. The authors concluded that vitamin D insuf&iency contrrutes to 
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spinal bone loss in the winter in h&thy pdmempa& women coxwming 800 mg of 

calcium and 100 IU of vitamin D per day, and that increasing vitamin D intake to 500 

W/d reduces wintertime bone loss and improves overah density of the spine. [Study 

score = l-i-] 

Chapuy et. aJ, (1992) studied the effect of supplementation with a combiition of 

calcium (1,200 mg from tricakium phosphate) and vitamin D3 (800 IU as eholecak&rol) 

for 18 months on fracture incidence and bone density among 3,270 healthy, ambulatory 

women (mean age 84 years). There were no differences between the experimental group 

(n = 1,634) and the placebo group (n = 1,636) at the beginning of the study in age, 

weight, percent of subjects who had fallen during the previous three months or calcium 

intake (5 11 rug/d and 154 mg/d in the experimental and control groups, respectively). 

The supplemented group was 1 cm taller than the placebo group (p=O.O03), There were 

43% fewer hip fractures in the treatment group of women who completed the study 

compared to the placebo group Q~O.043). Similarly, the treatment group experienced 

32% fewer nonvertebral &xctures 0.015) than controls. There was a significant 

increase in serum 2S(OH)D in the supplemented group &om 16 ng/rnl(40 nmol/L) at 

baseline to 42 rig/ml (105 nmol5) at 18 months (p<O.OOl). This increase was 

accompanied by a parallel decrease in serum PTH (firom 54 to 30 rig/L; fl.0001). There 

were no significant changes in 25(UH)D or PTH during the study in the control group. 

The supplemented group also maintained signiticantly more BMD in the femoral neck 

0.036) total proximal @momI region (p<O.OOl) and the trochanter Q~O.044) 

compared to the placebo-treated controls. The authors concluded that 18 months of daily 



sup@mentation with 1.2 g of elemental calcium and 800 IU of vitamin D was tie end 

decreased the incidence of hip fractures and other nonvertebral fractures among elderly 

women A subsequent report from this population (Chapuy et.tdP 1994) after 36 months 

of intervention Gxmd that calcium and vitamin D supplementation continued to reduce 

the risk of f&&ures. The RR for all non-vertebral fractures was 0.70 (95% Cl, 0.5 1,0.91 

for) and a similar value (RR-O.70) for fm&sre of the hip (95% CI, 0.62,0,78). [Study 

score = l-i-] 

The effect of calcium suppiementation for two years on biochemical parameters and bone 

density among 122 healthy white women who had reached menopause more than three 

years earlier (mean age = 58 years) was studied by Reid et.al. (1993) using a randomized, 

placebo-controlled, double-blind protocol. The experimental group received 1,000 mg 

calcium per day in the form of 5.24 g ~calcium lactate-gluconate and 0.8 g calcium 

carbonate, formulated as an effervescent tablet taken with water in a divided dose twice 

daily for two years. The placebo group received identical tablets containing sucrose. 

Calcium intake was estimated using four-day diet records obtained at baseline and at the 

end of the study. There were no significant di@xences between the two groups at 

baseline in age, years since menopause, weight, height, physical activity> smoking 

incidence, alcohol intake, mean calcium intake (760 mg/d in the experimental group and 

730 mg/d in the control group), TBBMD or BMD at f&ur sites. Calcium supplementation 

resulted in improved changes in BMD at all sites. TBBMC decreased in both groups 

(pcO.OOl), but the decline was significantly greater in the placebo group Q~O.005). 

There was no net change in BMD of the spine in the placebo group, but it increased in the 
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experimental group (pxO.001) and thete wtie @@&tit di&erences between the two 

groups @=0.04). The authors concluded that calcium supplementation had beneficial 

effects on BMD in postmenopausal women who had calcium intakes abve 400 mg/d at 

baseline, but that studies of longer duration are needed to determine whe&er the effects 

are cumulaGve. [Study score = l+] 

A randomized, placebo-controlled, double-blind study was conducted by Aloia et,& 

(1994) to study the eff&t of supplementation with 1,700 r&d calcium (from calcium 

carbonate) with or without HT for 2.9 years among 118 healthy, white postmenopausal 

(mean age -52 years). All subjects received 10 pg (400 IU) of vitamin D per day. There 

were no significant di@xences fbr any variables measured between the three groups at 

baseline. C&ium intake at the start of the study ranged f?om 150 to 1,263 mg/d for the 

entire group, Mean cakium intake for the calcium-supplemented group was 492 mg/d 

(range 222 - 806 mg/d with 26% of subjects x400 mg/d). Mean calcium intake in the 

combination group was 545 mg/d. Calcium supplementation alone resulted in 

significantly less bone at the end of the study compared to the placebo group for the total 

body and f&moral neck (pcO.OS), HT in combination with calcium supplementation 

resulted in additional benefits on BMD of the total body, Ward’s triangle and trochanter 

(p<O.OS). The authors concluded that calcium supplementation alone significantly retards 

bone loss Corn the femoral neck and improves calcium balance in vitamin D replete 

recently postmenopausal women, and that calcium supplementation should be 

recommended as a strategic option in helping to prevent early postmenopausal bone loss. 

[Study score = l-1-1 
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The effect of cak5um supplementation fur 18 months on BMD of healthy? vitamin D 

replete elderly (mean age = 72.1 years) subjectskwas reported by Chevalley et.uZ, (1994). 

Ninety-three ambulatory, healthy subjects (n=82 women) were randomized to receive 

800 mg/d cakGum carbonate, 800 mg/d calcium as osseino-&er& complex or a placebo. 

AU subjects were given a single oral dose of 300,000 IU vitanain D at the beginning of 

the study. Another group of63 elderIy patients (nkean age = 78.4) who had experienced a 

recent hip f?acture were also randomized to one of the two calcium-supplemented groups, 

but these data will not be discussed because ethical consideratioirs precluded the use of a 

placebo group among f?acture patients. There were no &r&cant differences at baseline 

between the three groups of non&acture victims in any of the study parameters. Mean 

dietary calcium intake was 619 mg/d. Thirteen subjects (14%) failed to complete the 18- 

month study, There were no significant difI&rences in the number of drop-outs between 

the three groups. Results for the two calcium-supplemented groups were combined. 

BMD of the femoral shaft was greater (pcO.05) among women in the treatment groups 

than in the control group at the end of the experiment. In addition, when mean changes 

in the femoral shaft and femoral neck BMD were averaged, regression analysis showed 

that values were greater @<O,Of) in the calcium-supplemented groups. Finally, a positive 

linear relationship (pcO.05) was observed between the naean changes in femoral shaft and 

femoral neck B&ID and total calcium intakes (diet and supplements) in both men and 

women. These data support the premise that caicium supplementation improves bone 

health among vitamin D-replete subjects with low calcium intakes. [Study score = 1-1-f 
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Elders et.lrl. (1994) examined the e&et of calcium supplementation on bone loss among 

295 pre- and postmenopausal women aged 46 to 55 years. The subjects were randomized 

into one of three groups: group 0 received a placebo, group I received 1,000 mg 

elemental calciu.m per day and group II received 2,000 mg suppknental calcium per day. 

The calcium was provided as effervescent tablets containing 5.23 g caki~ 

lactogluconate and 0.9 g calcium carbonate (1,000 mg per tablet). At the end of the two- 

year study9 218 subjects agreed to continue fbr an additional year. There were no 

significant difkrences in age, height, weight, BMI or mean calcium intake (1,065 rng/d in 

group 0,994 rng/d in group I and 1,052 mg/d in group II) at the beginning of the study, 

Sign&ant bone loss in the spine occurred among pre- and early perimenopausal subjects 

in the control group (p<O.Ol) but not in the supplemented group, and the Merence was 

significant throughout the entire three-year study period (peO.05). There was no 

difference in the rate of bone loss between the two caJoiurn supplementation groups. 

Among late perimenopausal and postmenopausal women, there was significant lumbar 

bone loss in all groups (pcO.001). The rate of bone loss was significantly less in groups I 

and II during the tit ye& of the study (p<O.Ol), but not during the second two years. 

There was no signifkant dif%erenoe in the rate of bone loss between the two 

supplemented groups. Signif-t metacarpal cortical bone loss also occurred in the 

control and treatment groups. The amount of bone 10~s was lower in the pre- and early 

perhnenopausal women than in the late peri- and postmenopausal subjects Q~0.05). 

Supplementation at both amounts of calcium resulted in less bone loss than in the control 

group (~~0.01). Serum 25(0H)D and PTH did not clxmge due to caleium 

supplementation. The authors concluded that calcium supplementation can play a role in 
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the preservation of the skeleton - especiaily before menopause. The h$gh baseline 

calcium intakes of the women in this study may have dim&shed the effect of calcium 

supplementation, and the ability to discern significant dif%rences among the different 

menopausal subsets was likely diminished by the smaIl number of subjects in each cell 

(13-24). [Study score = 1-t-l 

Strause et.aZ. (1994) conducted a randomized, placebo-controlled, double-blind study to 

determine the effect of supplementing the diet of 59 postmenopausal (mean age = 66 

years) women for two years with 1,000 mg calcium/d with or without additional minerals 

on spina BMD. The subjects were randomized into ‘one of four groups: a mineral 

supplement group (15 mg/d zinc, 2.5 r&d copper and 5.0 g&d manganese); a calcium 

group (1,000 mg elemental calcium from CCM); a combination group- that received both 
r 

calcium and mineral supplements; or a placebo control group. There were no significant 

dif%rcnces in any of the characteristics measured at the beginning of the study. Baseline 

calcium intake ranged from 524 mg/d in the calcium group to 622 mg/d in the trace 

mineral group (pM.05). Two-way analysis of variance (ANOVA) showed that the main 

effect for cakium on BMD was significant (p=O.O45), but only the combination group 

had higher (p<O.Ol) spinal BMD than the placebo group. The authors concluded that 

bone loss in calcium-supplemented, older postmenopausal women can be fMher arrested 

by concomitant increases in trace mineral intake. [Study score = j-I-1 

The effect of 900 mg/d calcium supplementation with h&cd oyster shell-seaweed 

calcium (HOSS Ca) or calcium carbonate for 18 months on BMD was studied among 58 
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h&pita&xi patients’65-96 years of age using a randormzed, placebo-eontro&d, double- 

blind protocol (Fujita et. al., 1995). Dietary calcium intake was approximately 600 n&d 

and was provided by a standard Japanese hospital diet, Supplementation with HCISS Ca 

resulted in significantly greater BMD of the lumbar spine at six (p=O.O15), 12 (p=O.OOS) 

and 18 months (p=O.O14) compared to the placebo. There were also sign&ant 

di@erences at the mid-distal radius. There were no significant di@erences between the 

placebo group and the calcium carbonate supplemented group throughout the s@dy. The 

application of this study is limited because the inpatient-based population it studied does 

not reflect the normal, healthy U.S. population. ]Study score = 1-1 

Haines et.aZ. (1995) conducted a one-year randomized, controlled intervention trial to 

study the effect of HT with or without calcium supplementation on BMD among 102 

perimenopausal (mean duration of menopause <l year) women. The subjects were 

assigned to receive HT (conjugated estrogens, 0.625 mg/d) and randomized into a 

supplementation group that received 1,000 mg elemental calcium (Cakium Sandoz; the 

form of calcium in this supplement was not speciGed) or a non-supplemented group. A 

double-placebo control group was not used. There were no differences between the 

groups at baseline in age, duration of menopause, height, weight or BMD at the lumbar 

spine of three femoral sites. Mean calcium intake at baseline was also &n&u but was 

considerably below recommended amounts (319 mg/d in the non-supplemented group vs. 

364 mg/d in the supplementation group). BMD of the femorai neck was greater in the 

supplemented group at the end of the study cpzO.23), but there were no dif&rences due to 

supplementation at the other sites examined. The authors concluded that women with a 



low dietary calcium intake may benefit from the use of suppiemental c&ium while 

taking HT. [Study score = l+f 

The effect of vitamin D supplementation an biochemical parameters and BMD of 348 

postmenopausal women (mean age 70 years) was studied by Ooms e~al. (1995) using a 

two-year randomized, placebo-controlled, double-blind protocu1. The experimental 

group received 400 IU of vitamin D3 per day while the control group was given a 

placebo. Current calcium intake was estimated by a questionnaire restricted to dairy 

products, which was noted to underestimate intake by 200-300 mg/d. There were no 

significant difherences at baseline between the two groups in age, years since menopause, 

body weight BMI, BMD at two femoral sites and distal radius, or serum 25(0H)D. Mean 

calcium intake from dairy was also similar between the two groups (876 and 859 mg/d 

for the vitamin D and control groups, respectively). Vii D supplementation 

significantly incx-eased serum 25(OH)D (Tom 27 nmol/L at basehne to 62 nmoI/L) aRer 

one year (p=oOl). This parameter did not change in the placebo group. There was a 

parallel decrease in serum PTH during the same period (p==O.OOS). Vitamin D 

supplementation resulted in significantly improved bone retention at the left &moral neck 

(p=O.Ol) and the right femoral neck (p==O.OOl), but not at the right or left femoral 

trochanter or the dii radius. The authors concluded that vitamin D suppIementation 

with 400 IU per day slightly decreased serum PTH and improved BMD at the femoral 

neck. [Study score = 101 
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Prince et.al. (1995) studied the &&t eicercise and calcnim supplementation @om tablets 
: 

or skim milk powder for two years on BMD in 168 postmenopausait (mean age -63 

years) women. The participants were randomized to receive a calcium supplement (1,000 

mg/d in the form of calcium lactate-gluconate) with or without exercise (4-hours weight 

bearing exercise per week), a calcium supplement fi+om skim milk powder fcontaining 

-1,000 mg calcium) or a placebo. There were no dif&rences at baseline between the four 

groups in any variable measured except that BMD at the femorai neck was geater 

(p~O.05) in the milk powder group compared to the placebo group and the calcium and 

exercise group. Dietary calcium intake ranged Tom 778 m&d in the milk powder group 

to 9 19 mg/d in the calcium and exercise group (p>O.OS). Discretionary oalcium intake 

remained constant throughout the study except for a “sign&ant but small” decrease in 

the milk powder group at 12 months (&om 778 to 536 mg/d). Supplementation with 

either form of calcium resulted in sign&a@ reduced loss of BMD at the trochanter, 

intertrochanter and ultradistal ankle site (p<O.OS) regardless of exercise compared to the 

placebo group. Calcium supplementation plus exercise resulted in diminished loss of 

B&ID at the femoral neck Q~0.05) compared to caIcium supplementation alone. Spine 

BMD was maintained in all groups. The authors concluded that the data support the 

concept that a lifestyle regimen of increased dietary intake of calcium to -1.8 g/d plus an 

exercise regimen of a 10% increase in the average exe&se undertaken will significantly 

reduce bone loss at the clinically important hip site. [Study score = 101 

A continuation of the study by Reid et.aZ. (1993) (discussed above in this section) was 

conducted to see ifthe significant effects of calcium supplementation at two yews would 



109 

be sustained during an additional two year period (Reid et.aZ., 1995). E@ty-sik women 

out of 122 who completed the original study agreed to extend their participation for two 

years. Seventy-eight women (38 in the experimental group and 40 controls] completed 

the study. There were no sign&ant differences between the two groups at baseline for 

age, years since menopause, weight, height, BMD at any site, physical actively or 

smoking incidence. Calcium intake t?om the diet was also sim&r (760 and 710 mg/d for 

the supplemented and control groups, respectively). There were sustained reductions in 

the rage of TBBMD loss throughout the 4-year study period (p==O.O02) with bone loss 

signifi~tly less in the calcium-treated subjects during years 2-4 @=O.O2). Bone losses 

at the lumbar spine and proximal femur were also significantIy less in the supplemented 

group during the entire study (p==O.O3) but the benefit occurred primaAy during the first 

year. The authors concluded that calcium supplementation produces a sustained 

reduction in the rate of loss of total body BMD in healthy postmenopausal women. 

[Study score = l+] 

Cepollaro et. al. (1996) conducted a randomized, placebo-cx&roUed 13-month study 

among 45 earJy postmenopausal women (mean age = 52 years) who received one iiter per 

day of calcium bicarbonate-containing mineralwater (408 mg/L) or a low-calcium (80 

mg calcium bicarbonate/L) placebo. There were no differences at baseline between the 

two groups in age, weight, height, BMI, years since menopause or BMD at the 

nondominant distal radius. Cak%mintake was 1,510 n&d in the experimental group 

and 949 mg/d in the control group (p-=0.001). Energy intake was also higher in the 

experimental (2,020 kcaVd) compared to the control (1,893 kca.l/d) group (p<O.OS). 
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BMD of the distal radius was signi&antly higher in the experimental group at the end of 

the study (pcO.05) and decreased significant~ (p-=0.001) only in the placebo group. The 

authors concluded that this study provides evidence to support the use of a high cakium 

mineral water as an effective prophylaxis against postmenopausal bone loss. [Study 

score = 101 

Fujita et. al, ( 1996) studied the effect of calcium supplementation with either 900 mg/d 

calcium carbonate or 900 mg/d oyster shell-seaweed calcium (AAA Ca, Fujix, Tokyo) for 

24 months on BMD to 58 chronicaily hospitalized elderly (mean age = 80 years) patients 

living in Japan. This study will not be discussed in detail because the subjects to not 

reflect the healthy, U.S. elderly population. Nevertheless, the study found that 

supplementation with AAA Ca signikantly improved BMD of the lumbar spine, but no 

effect was seen with calcium carbonate. The study has several serious limitations 

including a questionable randomization process and fkihxe to report dietary and other 

baseline data. [Study score = l-1 

The effect of supplementing the diet of 2,578 healthy, ekkrly (mean age = 80 years) 

Dutch men and women with 400 IU of vitamin D3 daily was reported by Lips et.aZ. 

(1996). The study used a randomized, placebo-controlled, double-blind design with a 

period of supplementation of 3- 3.5 years with additional fuhow-up after supplementation 

to fbur years. There were no significant difkrences between the experimental and 

control groups in gender, age, ability to walk, exposure to sunshine or meen calcium 

intake (859 mg/d for the placebo group and 876 mg/d fir the vitamin D group). Serum 
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2S(OH,)D increased significantly (p=O.OOl) among a 27O-member subset ofthe 

participants &er one year (from a mean of27 nmol/L, to 62 nmol/L). There was no 

change in this parameter in the placebo group. There was no significant difference in hip 

or other &acture incidence during the experiment between the two groups. The authors 

speculated that the relatively healthy status of their population affected the results. The 

study did not measure BMD or serum PTH so it is not possible to determine whether 

vitamin D supplementation affected bone mass or osteoporosis. [Study score = l-+-j 

Mizunuma etxzl. (1996) studied the effect of low-dose calcium suppkmentation (600-800 

mg/d of calcium lactate) with or without HT for 22 years on BMD among 19 

postmenopausal women with depressed serum calcium concentrations. There were no 

significant differences between the calcium supplemented and the combination group at 

baseline for anthropometric or BMD data. Dietary intake data were not collected. The 

combination group had significantly greater BMD of the lumbar spine than the group 

with HT alone (p<O.Ol). Although this study provides evidence that cakium 

supplementation augments the &et of HT in postmenopausal women, it has limited 

applicability to the proposed claim because dietary data were not collected and the 

subjects do not reflect the healthy, U.S. population. [Study score = 1-j 

Reeker et. al. (1996) studied the effect of calcium supplementation (1,200 mg/d as 

calcium carbonate) for 4.3 years on BMD of 19’7 elderly (mean age = 73.5) women with 

and without a history of prevalent f?actures whose habitual Cat&m intake was <l,OOO 

mg/d. The study used a randomized, placebo-controlled, double-blind design There 
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were no sign&ant dEerenc& at ba&hne between the treatment and p&&o groups. As 

expected, the women with history or prevalent fractures had sign%cantly (p<O.O02) 

lower BMC than their non-fracture-prone counterparts. Mean calcium intake at baseline 

ranged fiorn 386 mg/d in the nonprevalenticalcium group to 451 mg/d in the 

prevaknt/calcium group wO.05). Calcium supplementation prevented loss of forearm 

BMC in the prevalent fracture group, and change in this parameter was significantly 

difkrent from the placebo group at the end of the study fp<O.OOl). There was no 

dif%rence between the treatment and placebo groups among subjects in the nonprevalent 

fracture group. Calcium supplementation did not reduce the risk of fractures in the 

nonprevalent group, but among prevalent &a&ire subjects, those in the cal&nn- 

supplemented group were 2.8 times less likely to experience a fracture than the controls 

(p=O.O23). The authors concluded that in elderly postmenopausal women with spine 

&xtures and self-selected cakGum intakes of <13/d, a cak%nn supplement of 1.2 g/d 

reduces the incidence of spine tiactures and haits measurable bone loss. [Study score = 

l-+1 

Positive effects of daily supplementation with a combination of vitamin D (700 IU) and 

cal&.un (500 mg) on bone loss and fkaeture incidence among 389 elderly (mean age -7 1 

years) subjects were reported by Dawson-Hughes etd. (1997). This study used a three- 

year, randomized, placebo-controlled, double-blind design and included 213 women and 

176 men 265 years of age. There were no differences in age, height, weight, smoking 

incidence, physical activity or BMD for the f-r& neck, spine or total body at baseline. 

Calcium and vitamin D intakes were also similar between the two groups. 
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Supplementation with calcium and vita&n D had a s&n&icant positive effect on the 

change in BMD over three years at the femoral neck @==0.02), spine Q&.04), and total 

body (p<O.OOl) in ah subjects. These changes were also significant for male subjects. 

The women in the supplemented group had significantly less total body bone mass 

(TBBM) loss (p<O.OOl) than those in the placebo group, but not in the spine or feral 

neck. These di&rences tended to be more pronounced during the Grst year of the study, 

but significant difI&ences in total change in body BMD occurred during years 2-3 of the 

study in both men (p<o.OOl) and women (~~0.02). There was also a reduced risk of a 

first non-vertebral fracture in the supplemented group (RR = 0.40; 95% CT, 0.2,0,8). The 

supplemented group experienced a significant increase in serum 25(OH)D (p<O.OOS) and 

a parahel decrease in serum PTH (p<O.OOS) compared to the control group. The authors 

concluded that calcium and vitamin D supplementation leads to a moderate reduction in 

bone loss and may substantially reduce the risk of nonvertebral Clotures among men and 

women 65 years of age or older who live in the community. [Study score = l+J 

Devine et.al. (1997) reported follow-up data to a two-year calcium supplementation study 

(Prince et.aZ., 1995) discussed earlier in this section. All subjects at the conclusion of 

that two-year study were advised to take a daily calcium supplement (1 ,OOO mg calcium 

lactate gluconate). Eighty&&r subjects (mean age -66 years) were amble fbr 

examination after two years. These subjects included a ‘~comphant” group (n=14) who 

had continued to take calcium supplements during entire f&r-year period, a control 

group (x1=21) who had not taken supplements during this time and a ‘“non-compliaut” 

group (n=49) who had discontinued supplement use at the conclusion of the original 
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study. The control group was significantly heavier than the placebo group (72.9 kg vs. 

62.3 kg; pG.05). Baseline calcium intake in the suppkzmented group (1,988 mg/d) was 

significantIy greater Q60.05) than in the control (952 mg/d) or the non-compliant (981 

mg,/d) groups. There were no dif%rences in BMD between the three groups at any site at 

the beginning of the original study. The compliant group had signii%mtIy less bone loss 

than the controls at the intertrochanteric (p<O.OS), trochanteric @<0.05), femoral neck 

@<O.Ol), total hip @<O.Ol), mid-tibia @<0.05), ultradistal tibia (p<O,O5) and the ankle 

(p~O.05) after four years. In addition, subjects in the nonrcompliant group lost more 

bone at the mid-tibia (pqO.OS), ultradistal tibia (pxO.05) and the ankIe Q%O.Ol) than 

subjects who continued to take calcium for the entire four-year period. There were no 

significant dif&rences between the two groups for spine BMD. The authors conch&d 

that calcium supplementation to a total of approximately two grams per day in women 

more than ten years post-menopause can arrest bone loss at the hip and ankie. [Study 

score = 101 

Grti e&al. (1997) examined the ef&ct the vitamin D receptor (VDR) genotype on 

BMD in vitamin D supplemented and non-supplemented subjects during a two-year 

study. Participants were 81 women (mean age = 78 years) and were randomiy assigned 

to an experimentaI group (400 IV vitamin D/d) or a placebo group. The VDR genotype 

with respect to the BsmI restriction fragment length polymorphism was determined. 

Absence of the restriction site is indicated by “E!” and presence by “b”‘. There were no 

diEerences at baseline between the experimental and placlebo groups, or between the 

three VDR genotypes for any of the parameters measured in the study. Dietary cakium 
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intake was 959,894 aad 956 mgld for the &3, kb and bb genotypes, respectively. The 

loss in BMD at the &moral neck was sign&a&y reduced in the vitamin D group 

compared to the placebo group for the BB QW.04) and Bb (pGI.01) genotypes, but not 

for the bb VDR genotype (p==0.61), Vitamin D supplementation resulted in a significant 

increase in serum 25(OH)D in all groups @<O.Ol> but serum PTH did not change for airy 

genotype. The authors concluded that assessment of the VDR genotype might help 

explain the variance of BMD in response to vitamin D supplementation. [Study score = 

101 

Komulahxn &al. (1997) conducted a randornized, placebo-control’& double blind 

study to determine the e&ct of vitamin D supplementation (300 III/d) with qr without 

HT fbr 2.5 years on BMD among 464 early postmenopausal (mean age -52 years) 

women living in Finland. Vitamin D supplementation was not provided in the summer 

months (June - August) and the placebo group,received 93 mg/d of calcium as calcium 

lactate. There were no signZ.~ant differences in any of the parameters measured at the 

beginning of the study. Mean dietary calcium intake ranged fiorn 802 mg/d in the HT 

group to 862 mgr’d in the HT + vitamin D group. EET, either with or without vitamin D, 

was effective in preventing bone loss du&g the study and there were no significant 

differences between these ho groups at the lumbar spine or f&noral neck. Subjects in 

the vitamin D only and the placebo groups experienced similar (p>O.OS) declines in BMD 

at both sites. The authors concluded that HT is an ef%&ve therapy for the prevention of 

osteoporosis, and that low-dose v&min D supplementation has little efYect on BMD in 

postmenopausal women. These results are not surprising given the relatively smalI dose 
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of vitamin D used. The paper did ndt provide data On serum 2SfOH)D or PTH to 

ascertain the vitamin D status of the subjects. [Study score = l+] 

Baksgaard et. al. ( 1998) studied the effect of supplementation with a combination of 

calcium and vitamin D and a combination of cakGum and a vitamin D-czomaining 

multivitamin in a randomized, placebo-eontrohed, double~blind t&I. The subjects were 

240 healthy women (mean age = 62.5 years) studied for twu years. There were no 

significant differences in baseline characteristics. CakGum intake was reasonably high at 

baseline (889,1,003 and 863 mg/d in the calcium f vitamin D, &Gum + multivitamin 

and the placebo groups, respectively). Analogous values fbr vitamin D were 4.0,3.9 and 

3.5 pg/d, respectively). There were no dif%rences between the two active treatment 

groups for any parameter measured so the results from those two groups were combined 

for data analysis. Supplementation resulted in a significant increase in BMD of the spine 

at 12 months -0.01) and two years (pcO.05) compared to the placebo groups. There 

were no significant changes in the femoral neck or distal forearm, Serum PTH was 

significantly lower in the treatment groups at one year (P~O.001) and at the end of the 

study wO.01) compared to the control. The authors concluded that a positive effect of 

supplementation with calcium and vitamin D was seen in a group of elderly subjects even 

though they had fairly good initial calcium and vitamin D status. [Study score = l+J 

Ricci et.aZ. ( 1998) investigated the effect of calcium supplementation (1,000’ mg/d as 

CCM) on biochemical parameters and BMD among 31 obese (mean BMI = 33) 

postmenopausal women (mean age = 58.3) consuming a moderate energy-restricted diet 
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for six months. Calcium intake at ba3elirie was 706 n&d in the treatxnent group and 6O2 

mg/d in the placebo group. There were no signi&ant dif%xences between the two group3 

at ba3eline for any parameter measured. Calcium intake itr the supplemented, weight loss 

group was 1,646 mg/d compared to 5 15 mg/d in the non-supplemented weight loss group. 

Serum PTH was significantly lower in the e@erimental group (pGII.05) and loss of BMD 

tended to be lower in thi3 group but did not reach s&&i& 3igui&ance wO.08). The 

author3 concluded that calcium 3uppkxnentation normalizes the increased cak5umPTH 

axis and elevated bone turnover rate observed during moderate energy restriction in 

postmenopausal women. The low number of subject3 who completed this experiment 

and relatively short duration may have made it diEcult to see an effxtof calcium 

supplementation. [Study score = 10} 

The effect of calcium supplementation (1,600 mg elemental cakhtm as the citrate salt) on 

BMD wa3 Measured in a 4-year randomized, placebo-controlled, double-blind study 

among 177 postmenopausal women (mean age 66 years) by Riggs et. al. (I 998). Calcium 

intake at baseline was 711 mg/d in the cakium-supplemented group and 717 mg/d in the 

placebo group. There were no 3igniftcant differences between the two groups in any 

variable measured. There was significantly less bone loss at the spine @~0.001), 

proximal femur Q~O.002) and total body (p10.003) for the treatment vs. control group at 

one year. These changes persisted in the proximal femur (p-0,016) and total body 

(p=O.O19), but not the spine (pso.127) after four year3 of supplementation, There were 

no differences in f&ture incidence between the two groups, but the study was not 

powered to detect such an e&ct in thi3 lower risk population. The authors concluded 
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that caEum supplementation to elderly women parGal& d&es bone loss. [Study 

score = l+} 

Storm et.aZ. (1998) studied the ef%ct of cak&m intake tirn diet @imarily tirn milk] or 

a supplement (calcium carbonate) on BMD and markers of bone turnover during a two 

yew period among 53 elderly (meti age -71 years) women living in northern Maine. 

The study used a randomized, placebo-controlled, single-blind design and collected data 

during both the summer and winter months. There were no significant difEre.wes 

between the two treatment groups or the placebo group at baseline in any of the 

charac&stics examined. Baseline calcium intake was 699 mg/d in the p&z&o goup, 

603 mg/d in the calcium group and 644 mg/d in the dietary group. CaEum 

supplementation was provided as two 50%mg doses of calcium carbor&e per day, and 

the dietary group was given four eight-ounce glasses of mi& per day. Mean intake of 

calcium during the study did not change for the placebo group (699 n&d) but increased 

signiscantly &HI.0 1) for the dietary (1,052 n&d) and the supplementation. group (1,678 

m&/d). At the end of the study tibjects in the calcium carbonate group had significan#ly 

greater BMD at the spine (p-=0.01) and greater trochanter wO.02) than the dietary or 

placebo groups. Femoral bone loss in the placebo group occurred exchwively during the 

two winters of the study. The authors concluded that calcium supplementation of 1,000 

mg/d was adequate prophylaxis against wintertime femoraI bone 10s~ in elderly 

postmenopausal women. [Study score = I+] 



119 

A study by Tuppurahren eixz~. (1998) found that HT therapy combined with vitamin D 

supplementation (300 W/d) was more effective in increasing BMD in osteoporotic 

women than vitamin D alone. However, this study will not be discussed in detail because 

it does not reflect a segment of the healthy human population. [Study score = 101 

Krieg et. ~2. ( 1999) studied the effit of comb&d daily calcium (1,OOO mg elemental 

calcium as calcium carbonate) and vitamin D ($80 IU) supplementation on bone mass 

among 124 very old (mean age 84.5 years) institutionahzed women during a 2-year 

randomized, controlled study. The treatment group (n = SO) was provided with the 

supplemental nutrients as two daiIy doses and the control group was unattended (i.e. a 

placebo was not used). Bone mass was measured using quantitative ultrasound (QWS) 

measurements. There was no information provided on baseline calcium or vitamin D 

intakes however mean serum 25(OH)D was Iow (11.9 pg/L) and serum PTH was in the 

normal range (44 r&L). The treatment group experienced a significant increase in serum 

25(OH)D at one (p~O.01) and two (p<O.Ol) years compared to the controls. Parahet. 

decreases in serum PTH were ako observed at both one and two years (~60.01). 

Broadband uhrasound attenuation @WA), a measure of QUS was s~cantly higher in 

the supplemented group compared to the controls op<O.Ol), but a second QUS measure, 

speed of sound (SOS) was not. This paper supports the contention that supplementi 

vitamin D and calcium results in improved bone mass, and suggests that QUS is a valid 

method for estimating this parameter in human subjects. [Study score = l+] 
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A short-term study (12 weeks tt’eatment] using 3 1 he&&y eklerly women (mean age 70 

years) compared the effects of estrogen treatment (0.5 mg/d micronized 17 @zstradiol) 

with and without a combination of 1,500 mg calcium @om calcium carbonate) and 800 

IU vitamin D per day on markers of bone formation and resorption (Prestwood, et.uZ., 

1999). The study used a randomized, placebo-controlled, open-label design The study 

did not measures BMD or other indicators of bone he&h, but found that markers of bone 

resorption (e.g. urinary cross-linked C-telopeptides) decreased incrementally when 

calcium/vitamin D supplementation was added to estrogen therapy. Markers of bone 

formation decreased with calciivitamin D treatment, but not with subsequent estrogen 

treatment. The authors concluded hat low dose estrogen plus calcium/vitamin D therapy 

is likely to be more effective in older women than either treatment alone. Although this 

short-term study did not measure the effxt of treatment on osteoporosis directly, it 

suggests that supplementation with calcium and vitamin D has a positive ini&ence on 

bone dynamics in elderly women that is consistent with reduced risk of o,steoporosis. 

[Study score = l+] 

Dawson-Hughes et.& (2000) reported a two-year follow-up study of 295 healthy, ekierly 

subjects who had participated in a three-year calcium and vitamin D supplementation trial 

(Dawson-Hughes et.&, 1997) (see discussion above in this section). The original study 

found that supplementation improved skeletal parameters, and the purpose of the fohow- 

up study was to determine ifthese changes persisted after supplementation was 

discontinued. Baseline calcium intake was lower in the women who had previously been 

treated with vitamin D and cakium compared to the former placebo group (686 and 821 
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mg/d, respective& p==O.O29), however this difkence became smaller during the follow- 

up study and became statistically insignificant. No other parameters investigated 

(including dietary vitamin D) were difkrent between the former treatment and control 

groups at the beginning of the follow-up period There were also no siguiiicant 

differences between these groups with respect to medications known to aEect BMD (e.g. 

HT) or use ofsupl#xnental calcium or vitamin D, TBBMD in the male subjects, but not 

in females, was still significantly higher (p4.05) at the end of the two-year follow-up 

period in the former treatment group compared to the controls, but there were no 

dif&rences at any other bone site for men or women. The authors concluded that 

discontinued use of calcium and vitamin D supplementation has limited cmtitive effect 

on bone loss in elderly men and women This study suggests adequate vitamin D and 

cticium intake must be maintained on an ongoing basis to ensure optimal bone health. 

[Study score 1-t-l 

The effect of vitamin D supplementation (800 IIJ cholecalciferol/d) for two years on bone 

mass among 79 postmenopausal monozygotic female twin pairs (mean age = 58.7 years) 

was reported by Hunter et.aZ. (2000). The subjects were randomized to the treatment 

group or a placebo control group using a double-blind protocol. There were no 

differences between the groups at baseline in any of the &aracteristics measured, Mean 

calcium intake was estimated by HQ and found to be close to recommended amounts in 

both groups (1,084 mg/d in the supplemented group and 1,026 n&d for controls). 

Baseline vitamin D intakes (-135 ItVd) and serum 25(OH)D (428 cls/L) were the same 

for both groups. Serum 25(OH)D increased by 57% and was significantly difkent (p 
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value not provided) &om the placebo group, which infx&sed by 15% a& 24 months. 

There were no changes in serum PTH throughout the study. There were no sign&z& 

diflixences between the treatment and control gruups for BMD at any site measured, The 

calcium replete, status of these relatively young, healthy &o&menopausal women, or the 

fact that vitamin D supplementation was given without calcium may have contriiuted to 

the negative results of this study. [Study score = l+} 

Iwamoto et.al. (2000) studied the e&et of supplementation with 0.75&d of an activated 

form of vitamin D3 (la-hydroxyvitamin D3) with or without vitamin K (45 mg/d as 

menatetrenone) on BMD of 92 osteoporotic women who were more than 5 years 

postmenopausal. The study found that supplementation with this vitamin D analogue had 

positive ef&cts on BMD compared to a diet calcium supplementation alone with or 

without vitamin IS. However, this study will not be summa&ed in detail because the 

subjects used were osteoporotic women and the results cannot be generalized to the 

normal, healthy population. [Study score = 101 

The effect of supplementation with calcium (750 mg/d as CCM) or 25(OH)D3 (5 c18/d) 

for four years on bone loss among 316 women and 122 men age (mean age -75 years) 

was studied by Peacock et.aZ. (2000) using a randomized, placebo-controlled, double- 

blind protocol. The subjects were randomized to one df 16 strata by age, gender, serum 

25(OH)D, and dietary calcium intake (480 mg/d and 2480 mg/d). Subjects were then 

assigned to receive supplement&ion with calcium, 25-(ow)D3 or a placebo. The male 

subjects were signi&xntly taller, heavier, older, and had greater calcium intake, 
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TBBMD, BMD at three sites and several other skeletal a&d biichemical parameters than 

the women (pGl.01). There were no significant di&xences among the experimental or 

control groups for any of these parameters. There were no sig@cant diflbrences 

between men and women iu response to supplementation so the data were combined for 

subsequent analyses. Calcitun supplementation resulted in significautly higher BMD 

after fbur years at the total hip (p<O.O08) and hmbar spine wO.02) compared to the 

plar%bo group. Similar results for TBBMD approached significauce (p<O.O8). The 

e&xts of 2%(OH)D3 supplementation were intermediate compared to the other two 

groups, but were not statistically significant from the placebo group. In subjects with 

calcium intakes less than the median intake (716 rug/d), there was a positive relationship 

between serum 25(OW)D and change in total hip BMD (qO.06) and a negative 

relationship with the change in serum PTEI @%OOl). In subjects with calcium intakes 

above this amount, these relationships were absent and significantly different for BMD 

(p<O.O07) and PTIl (p<o.OOl) compared to subjects with lower calcium intakes. The 

authors concluded that a calcium supplement that increases Cal&m tit&e close to the 

Adequate Intake (AI) of 1,200 mg/d prevents bone loss at the hip and at other skeletal 

sites and has beneficial effects on bone structure at the upper femur. The effect of 

vitamin D supplementation is less marked and is most beneficial in subjects who are 

vitamin D and calcium insuf5cient. [Study score = l-t] 

Sosa et. uZ. (2000) reported that supplementation with 0.622 mg (10,640 IU) per week of 

25-hydroxycholecalciferol and 1,000 mg calcium/d for one year resulted in signiicantly 

increased BMD in the femoral neck among 58 postmenopausal (mean age -78 years) 
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women with osteoporo&s compared to calcium supplementation aloue. This study wiU 

not be discussed in detail because the results cannot be generalized to the heal&y U.S. 

popubtion [Study score = l+] 

The short-term effect (7-10 days) of consuming three serviugs per day of yogurt or a 

‘jelled tit flavored snack” on a marker for bone resorption (N-telepeptide (‘FM)) 

among 29 postmenopausal white women (mean age 61 years) was reported by He-y 

13r.d. (2002). The subjects had habituahy low calcium intakes (<600 mgld) and were not 

taking estrogen or supplemental calcium. The subjects were randomized to one of the 

treatnmt groups for 7-l 1 days and crossed-over to the other group a&er a two-week 

washout period. Three serviugs of jelled snack or yogurt were conrmme& during the 

intervention periods and no Cuther dietary restrictions were irqposed, Urinary TNx was 

significantly reduced in the yogurt regimen oF<O.O3) compared to the jelled snack. This 

Cnding indicates a rapid, diet-induced reduction in bone resorption in response to yogurt. 

Calcium iutake during the yogurt period was 1,259 rug/d compared to the jelled snack 

period (356 mg/d}. The yogurt also contriiuted protein, riiflaviq vitamin B12 

potassium, magnesium and zinc compared to the &uit snack. This study shows that 

yogurt contaiuiug 900 mg of calcii as well as other nutrients characteristic of dairy 

products can have rapid effects on bone resorption. While this study does not provide 

direct evidence on the effect of dairy/c&&n intake on BhJb or other markers of 

osteojxxosis, it is consistent with the premise that calcium intake has a positive effect on 

the skeleton and is consistent with the proposed claim. [Study score = 101 
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Jensen etd (2002) stu&ed the effect providing a dietary supplement with a combination 

of &&xn (1,450 mg/d, form not provided) and vitamk D (400 IU), a multi- 

v&&n/mineral mix containing the same amount of calcium and vitzmxin D or dietary 

instrdons aimed at increasing calcium intake through foods. The subjects were 99 

healthy postmenopausal women (meti age 66 years) randomized to one of the three 

treatments noted above and followed for three years. A placebo group was not employed 

because withholding calcium supplementation fkom the subjects for the length of the 

study raised ethical uoncerns. There were no significant difkrences between the groups 

with respect to age, time since menopause, BMI, smokiug, physical activity score, BMD 

at three sites, TBBMD or several biochemical parameters. Baseline intake of protein, 

vitamin D and zinc were also similar, but the calcium + vitamin D group had simantly 

lower calcium intake (672 mg/d; p=O.O3) than the multinutrient (83 1 mg/d) or the dietary 

instruction (dietary control) group (871 mg/d). calcium intake increased significantly 

a&x baseline in the dietary comrol group to 1,242 mg/d wO.OOf ) and remained 

significantly greater than baseline throughout the study. Dietary calcium intake did not 

change in the supplementation groups after baseline, but total cakimn &$&ing that 

provided by the supplements) increased to apProximately 2,150 mg!d in the eak&n + 

vitamin D group and to approximately 2,300 mg/d in the multmutrient group. There were 

no significant changes in BMD at any site measured. Serum 25(0H)D increased 

signifkmtly from baseline in the calcium f vitamin D group (p<O.O5 after one year and 

p<O.OOOl after three years), and in the multinutrient group @~OJW1 a&r one year and 

p<O.OOOl after four years) but did not change in the dietary control group. Serum PTH 

decreased significantly in the two supplementation groups after one year &GM), but 
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was no longer diierent than baseline for the remainder of the study. The authors 

concluded that the beneficial effect of nutrient interventions in bone hea&h can be 

achieved through dietary or supplementation approaehes. The lack of dif&rence in BMD 

between the dietary control and supplementation groups was probably due to the high 

baseline intake of c&&m, which may have been above a threshold for additiomxl effects 

on bone. The small size of the study may also have been a factor. [Study score = 101 

Meyer et.&. (2002) conducted a randomized, placebo-eontrolkxi, double-blind trial to 

study the effect of supplementing 1,144 elderly (mean age 84.7 years) nursing home 

residents (-75% female) with vitzunin D (10&d) on f?acture incidence and biockemical 

parameters during a two year period. The treatment group was provided with a daily 

dose of cod liver oil and the placebo group was given the same oil with the vitamin D 

removed. There were no difterences betweerl the groups at baseline in auy of the 

parameters measured. Cal&m intake was estimated using a questionnaire designed to 

measure the intake of cheese and milk filled out for each subject by the nursing staE. 

Calcium intake was 446 mg/d in the suppkxnentation group and 456 mgLd in the control 

group @>0.05). The study did not measure BMD or other parameters of bone health. 

Fracture incidence did not di&r between the two groups at any site during the study. 

The authors concluded that supp3lementation with vitamin D alone does not reduce the 

risk of fractures among frail elderly. The authors pointed out that previous studies using 

a combination of cakium and vitamin D were effective in this regard. It is also possible 

that the relativey low dose of vitamin D used in this study was inadequate to cause a 

positive effect. [Study score = l+] 
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A randomized, placebo-co~lled, double-blind study with 126 osteoporotic women 

(mean age -53 years) found that supplementation with I pg/d of la-hydroxyvitamin 03, 

with or without vitamin K (45 m&d menaquinone) resulted in siguifimnt improvements 

in BMD compared to uon~supplemented controls (Ushiroyama et.aZ., 2002). However, 

this study wi& not ti discussed in detail because it does not reflect the healthy, U.S. 

population. [Study score = 101 

Chee et.al. (2003) studied the eff&t of supplementiqg the diet with 1,2OO xng ml&&d 

(&om skim milk powder) for two years on BMD among 173 postmenopausal (at least 5 

years) worneri (mean age = $9 years) using a randomized, controlled protocol. The 

treatment group consumed the skim milk powder reconstituted with 400 mI. water. The 

supplement contained 1,200 mg caM.un, 10 pg vitamin D3,750 ml?; phosphorus, 70 mg 

magnesium, 17.8 g protein and 170 kcal, The control group contimed to comme their 

habitual diet after randomization and did not receive a placebo. There were no 

signiscaut dit&rences between the two groups in any of the anthropornetric or rifestyle 

variables measured. Dietary calcium as memured by FFQ was 523 and 500 mgld in the 

treatment and control groups, respectively (g~O.05). Compared to the milk group, the 

control group had significautly greater TBBMD (p~O.05) and BMD at the femoral neck 

(0.79 g/cm2 for the milk group vs. 0.84 g/cm2 for coWols, p+@.OOl) and total hip (0.84 

vs. 0.90 ghn2; p<O.OOl). The experimental group increased BMD at the &mxal neck 

compared to a net loss in the control group (pcO.01) and lost sign&a&y less bone at the 

lumbar spine (p<O.O5), total hip (p<O.Ol) and total body (p<O.OOl) compared to the 

controls, The authors concluded that consuming a high-calcium diet fram skim milk was 
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beneficia3 in slowing down bone loss ht postmenopausal Chinese women in P&lay&~ 

This study provided calcium and vitamin D in the form of skim milk so that it is not 

possible to attribute the positive e&xts to these nutrients per se. Never&eless, the study 

provides suggeitive evidence in support of the proposed claim.. [Study score = 101 

The effect of supplementing the diet with calcium (500 mg/d as c&iurh carbonate) and I 

vbmin D (400 lU/d) for one year on BMD among 192 elderly (mean age -74 years), 

vitamin R defu=ient (serum 25(OH)D = 7.0 r&ml) womeu was studied using a 

randomized, placebo-controlled+ double-blind protocol (@ados et. ad:, 2003). There were 

no diflbrences in age or BMl between the two groups at baseline. Mean calciumintake 

was low in both groups (697 vs. 671 mg/d in the treatment and control groups, 

respectively) as was the intake of vitamin D (67 vs. 62 Wd, respectively). The 

supplemented group lost significantly less bone fbr the whole body (p=O”Ol), lumbar 

spine (p=O,OOO9), fbmoral neck (p=O.OlS) and trochanter (p=o.OlS) compared to the 

placebo group at the end of the study. The authors conchxied that elderly female 

outpatients living in France have a high prevalence of eakiurn and vitamin D defi&ency, 

and that supplementation with these nutrients corrects the deficiency, sbws bone 

remodeling and increases BMD. This study demonstrates that supplementing the diet of 

vitamin D-deficient individuals with a combination of vitamin D and cakium has a 

beneficial ef&t on bone heaith, but 46. I percent of the subjects had ostmporosis and, 

therefore, did not reflect the healthy U.S. population. {Study score = l+] 

Cooper et.aE. (2003) compared the r&bet of salcium supplementation (1,000 mg/d from 

calcium carbonate)with or without vitamin DZ (10,OOO Wwk) for two years among 187 
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postmenopausal (meau age -56 years) women. The study used a randomized, double- 

blind protocol, but a placebo group was not included. There were no significant 

difkences in any of the characteristics measured in the study at baseline. Mean dietary 

cakium was 811 mg/d in the calcium group and 754 n&d in the calcium + vitamin D 

group at baseline. Analogous data at 12 months were 825 and 836 xx&d, respectively. 

Both groups experienced signilicaut increases in BMD at the trochmter and Ward’s 

triangle (p-=0.005) and significant decreases at the pxoximaI radius and ulna (p<O.OOS) at 

the end of the study compared to baseline. There were no di@erenoes between the two 

groups. These data suggest that calcium and vitamin D supplementation may have had a 

beneficial e&t at the hip, but the lack of a placebo control makes such a conclusion 

speculatory. The lack of an effect of vitamin D sup#mentation in addition to c&Gum is 

likely due to the replete status of the subjects. Serum 25(orcr)D concentrations in the 

calcium group and the calcium + vitamin D groups at baseline were 82.6 and 81.6 

nmol/L, respectively. [Study score = 10 J 

Trivedi et.aL (2003) conducted a randomized, placebo-controlled, double-blind study to 

examine the efExt of providing lOO,OOO IU of vitamin D1) orally every four months on 

fracture incidence among 2,037 men and 649 women (mean age = 75 years). The 

intervention period was five years. There were no sign&ant di@zrences between the 

treatment and placebo groups at baseline in any ofthe vaxiables measured. Mean calcium 

intake was 742 q/d. Supplementation resulted in a lower rate of age-adjusted Grst 

ffacture at any site (R&0.78; 95% CI, 0.61,0.99) and at the hip, wrist, forearm or 

vbtebra (R&+67,95% CI, O-48,0.93). The ef&ct tended to be more pronounced in 
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women than in men” The authors cbncfuded that four monthly supple-ation with 

100,000 IU oral vitamin D may prevent fi-actures without adverse of-Ye&s in men and 

women living in the general community. [Study score = l+J 

Harwood et. al. (2004) studied the,effect of vitamin D and calcium supplementation 

among 150 ekierly (mean age = 8 1 years) formerly independent hip t?a&ure victims. ‘Ihe 

subjects were randomized to a no-treatment group (no placebo was used) or one of three 

intervention groups: 8 single injection of 300,000 IUs vitamin Dz, injected vitamin D2 

plus 1,000 mg/d oral calcium (from calcium carbonate) or the same dose of calcium 

combined with 800 IU of vitamin D3 per day. This study does not reflect the healthy, 

U.S. population and will not be dizxussed in detail, but the vitamin D and calcium 

supplementation had significant positive effects on BMD during the one-year follow-up 

period. The authors concluded that vitamin D supplementation, either orally or with 

injected vitamin D, suppresses PTH, increases BMD and reduces &lls. [Study score = 

101 

3. Summary and conclusions 

The observational studies discussed in this section me generally consistent with the 

premise that adequate dietary calcium and vitamin D status and are associated with 

reduced risk of osteoporosis in elderly male and female subjects. 

Six prospective studies that looked exclusively at dietary cak%m provided direct or 

suggestive evidence of a protective association between this nutrient and bone health in 
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older men or women (Davis et&., 1995; Devine eL.al., 1995; Fujiwara e;t-al,, 1997; 

Burger et.&., 1998; Pines et& + 1999, Huuskonen et&, 2001). In addition, four 

prospective cohort studies that reported data on both vitamin D and cakii provided 

direct or suggestive evidence of an association between calcium and skeletal parameters 

in elderly men or postmenopausal women (Ensrud ef.ab., IZOO@, de1 Puente et.al., 2002; 

Fe&a&h etd., 2003; MacdoAd e&al., 2004). 

However, several prospective studies f%led to find such an association. Van Beresteijn 

et&. (1990) did not find an association between dietary calcium and BMD in a small 

cohort of postmenopausal women, but more than 80% of the subjects were consuming 

2800 mg calcium per day. Looker et.aZ. (1993) reported protective RR’s of 0.52 in males 

and 0.53 in females for hip &a&ure incidence based on calcium intake, but these 

associations were not statistically sign&ant. This study used a single 24-hour diet recall 

to estimate calcium intake and does not reflect habitual con&mption of this nutrient. 

Cummings et.aZ. (1995) did not f&d an association between calcium intake or HT and 

fracture risk in a cohort of 9,516 white women aged 265 years, but BMD was not 

measured. Hosking et.& (1998) also Med to find a positive rest&, but subjects with 

low calcium intakes in this cohort were advised to take supplemental caM.nn, which may 

have biased the results. Cummirrg et.aZ. (1997) found apositive association between 

calcium intake and fracture incidence in a cohort of 9,704 postmenopausal women. The 

authors were unable to explain these results but concluded that they were most likely due 

to inadequately controlled confounding variables. Hannan et.aZ. (20&l) were also 

surprised by not G&ng a correlation between cakium intake, physical activity or serum 
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25(OH)D and born loss among 800 eklerly members of the i%m&ham cmhort and 

specu&ed that the follow-up period used for the study may have been inadequate, 

The case-control studies conducted in elderly men or postmenopausal women were of 

marginal quality and provided tied rest&s, Cumming and Khneberg (1994) found low 

calcium intake to be a risk for hip f?acture but the quality of the study was poor. 3ohuell 

eM. (1995) also reported a protective association between calcium iut&e (and sunlight 

mposurej ti a l&center study conducted in Europe, aud Stracke et.al. (1992) found 

similar evidence. Chan et.aZ. (29%) found that low calcium intake was associated with 

vertebral fractures among elderly Chinese women. Finally, Kanis et.at. (2999) reported a 

protective effect on fracture imidence of cheese consumption but not milk intake among 

a group of Europeans. 

The remaiuing case-control studies did not Bud evideuee 0f.a protective association 

between calcium intake md fixture incidence, but the quality of theso studies was poor. 

Lips et al. (1987) used fewer controls than cases, Tavmi et.aZ. (1995) used an kadequak 

dietary assessment instrument, and I&ma&o et.aZ. (2001) aho used a Limited number of 

coutrols and ctlrsory dietary data 

The cross+ectional studies with respect to calcium and bone mass among older subjects 

provided consistent evidence of a positive association. Studies that reported direct or 

suggestive evidence of such associations were Hu et. al. (1993), Murphy et. al. (2 994), 

Soroko et.al. (2994), Stone et.aZ. (19961, Wrich et.aZ. (2996), Kid etiaf, (1997), 
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Mic~lsson &al, (1997), &&man et.& (1993, UusiRasi &al. (199$), Ap@ et&. 

(1999), Nguyen etd. (2000) and Rich et.& (2003). 

Only two of the cross+ectional studies reviewed in this section hiled to find an 

association between dietary cakium and bone health. However, Hoover et.aJ. (1996) 

used a cohort of women with high .mean calcium intakes (1,392 mg/d) and the study by 

‘hrneF et.aA (1998) had numerous methodokq@l constraints (e.g. inadequate dietary 

data) and did not adjust for potentially confounding variables. 

The randomized clinical trials that studied calcium supplementation without vitamin D, 

provide consistent and compelling evidence that supplementation with this mineral 

reduces the loss of bone mass and/or Bacture incidence in elderly men and 

postmenopausal women. 

Studies that found a protective efl?xt of calcium supplementation (without vitamin D) on 

bone health were: Reid et.aZ. (1993), Elders et.aL (1994), Chevalley et.al. (1994), 

Strause et.aZ. (1994), Fujitaer.al. (1995),Haines et,aZ. (1995), Prince &al. (19953, Reid 

et.al. (1995), Cepollaro, et.aZ. (1996), Fujita ef,al, (1996), Mizunuma et.&. (1996), 

Reeker etd. (1996), Deviue et.aZ. (1997), Riggs et.aL (1998), Stormet.uZ. (1998) and 

Heaney et.& (2002). 0nly the study of Ricci e&al. (1998) failed to report such an effect, 

but this study was conducted in obese women on weight reducing diets and used a very 

short (six months) duration. 
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The literature discussed above clearly shows that adequate dietary calcium reduces the 

risk of osteoporosis in elderly men and postm&nopausaI wonm. The following studies 

support the premise that vitamin D, especially when combiued with adequate dietary 

caIciurn, also provides this heawl benefit. 

The prospective observational studies that monitored dietary intake or nutritional status 

of vit& D iu older subjects provide reasonable evideme of a positive association with 

bone mass. Studies that reported positive results were: Rosen &al. (1994), Ensrud et.cll. 

(2000), del Puetie etsal. (2002) and Feskanich et.aZ. (2003). CJum&ng e&al. (1997) and 

MacdonaId et&. , (2004) did not f‘md protective associations between vit& D intake 

and bone mass, but data on serum 25(WI)D were not provided. As noted earlier, the 

study by Hannan et& (2000) f%led to detect an association between any nutritional 

f&or (including vitamin D and calcium) in the Frmiugham cohort. 

The case-control studies reviewed in this section cousistently support an association 

between vitamin D intake or status and reduced f&-&me risk in eklerly subjects. The 

majority of studies found a positive result with respect to either vitamiu D status or 

exposure to sunlight (von Kuorriug et.& 1981; Ulivieri et.&, 1986; Lips et.& 1987; 

Lamberg-Allardt etd.,. 1989; Lau etd, 1989; John& et.al., 1995; IQ&s etd, 1999); 

In addition, Ran&m and Kauis (1995) did not see an association between use of vitamin 

D SuppIements and f&cture incidence among all of the subjects in their study, but did 

observe such an association among participants with BMIs GO. Dietary intake of 

vitamin D was not measured in this study. 
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One case-control study (Rudman et.&, 1989) mund apo&& association between 

vitamin D status (i.e. serum ZS(OH)D) and f?actu.re risk9 but the study had many 

limitations. The authors speculated that the association was due to a lack of conversion 

of 25(OH)D to l-250(OH)zD in their subjects. 

Both cross-sectional studies reviewed in this section (Aguado &al, 2000; Biihoff- 

Ferrari et. al., 2004a) reported positive associations between serum 25(OH)D and BMD. 

The randomized intervention triaJs that studied both vitamin D and calcium 

supplementation (either individually or as a combined supplement) provided very 

consistent evidence that one or both of these nutrients has a positive e&t on bone 

health. Ah ofthe studies that provided supplementation of these nutrients in combined 

form reported direct evidence of a positive effect on bone health (Chapuy et.aZ., 1992, 

1994; Aloia et.al., 1994, Dawson-Hughes et.aZ., 1997; B&sgaard et.al., 1998; Kxieg 

et.aZ. t 1999; Prestwood eta!., 1999; Dawson-Hughes e#.al,, 2000; Sosa et.aZ., 2000; Chee 

et.al., 2003; Crados et.aZ., 2003). Three studies provi&d vitatnin D and cak&un 

supplementation separately. Peacock et.aZ. (2000) found that vitamin D supplementation 

had an intermediate effect between calcium supplementation and a placebo. Harwood 

et.aZ. (2004) found that vitamin D supplementation resulted in improved BMD among 

tiacture victims and that co-supplementation with cakium enhanced the effect, and 

Jensen et.aZ. (2002) found that increasing intake of calcium and vitamin D through 

supplementation or diet had positive effects on markers of bone remodeling and 

dciotropic hormones. 
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Dietary intervention studies with vitamin D alone are less consistent than studies that 

employed a combination supplement, but still provide compelling support for the 

proposed claim. Studies that reported direct or suggestive evidence that vitamin D 

supplementation have a positive effect on bone health are: Dawson-Hughes e&al. (1991), 

Chapuy et.aZ. (1992), Ooms et.~!. (1995), Cindimm et. al. (1997), Tuppurainen et. al, 

(1998), Iwamoto et.aZ. (2OOQ Ushiroyama e&al, (2002) and Trivedi e&al. (2003). 

Other intervention studies did not find a positive effect of vitamin D supplementation. 

Lips et, al. (1996) did not find an eflkct on fracture rates among healthy Dutch men and 

women, but the dose of 400 IU of vitamin D3 may not have been sufficient to prompt a 

sign&ant response in this relatively calcium replete population. Komulainen et, al. 

(1997) did not find an additional benefit to vitamin D supplementation in conjunction 

with HT, but, once again the dose used (300 El) may not have been sufkient. Hunter 

et.& (2000) found no eftkct of vitamin D supplementation among 79 postmenopausal 

twin pairs. The subjects were constmkg a diet high in calcium (>l,OOO mgkl) and the 

authors speculated that the calcium replete s&&us of the population may have mitiiated 

against an effect of vitamin D. Meyer et.aZ. (2002) did not find an effect on fkcture 

incidence with supplementation of 10 pg vitamin D per day loom cod liver oil to nursing 

home residents. It is possible that the dose was inadequate to cause an e&t. This St&y 

did not measure vitamin D status of the subjects. Finally, Cooper et.al. (2003) also did 

not fkd a positive efkct of vitamin D supplementation, but the subjects in this study (187 

postmenopausal women) were replete in vitamin D status at baseline. 
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In conclusion, as noted earlier, the studies reviewed in this section provide strong 

evidence in support of the proposed claim, 

E. MET&ANALYSES 

The conclusion that adequate vitamin b and/or calcium intake can increase bone mineral 

density in young people, reduce bone loss in older people and/or reduce fkacture 

incidence is also supported by several me&t-analyses. 

Welten et. al. ( 1995) conducted a meta-analysis of 33 well-designed observational and 

intervention trials designed to study the impaet of calcium intake on bone density in 

young and middle aged males and females. Pooled results fkom 29 observational studies 

showed a positive correlation coefficient ($0.05) for calcium intake and bone mass in 

premenopausal women 18 to 50 years of age. The intervention trials also showed a 

significant positive effect. The authors concluded, “ . ..the studies published to date seem 

to offer overall evidence that calcium intake is positively associated with bone mass in 

premenopausal females. This association is fkirly consistent across the diikrent study 

designs and is strengthened by the ikt that the results are based only on studies with a 

high methodological quality.” There were not enough studies published using male 

subjects to make a definitive conclusion. 

A meta-analysis of 16 observationat studies on the association of calcium intake and 

hcture incidence in postmenopausal women was conducted by Ckmming and Nevitt 

(1997). Pooled data gave an odds ratio of 0.96 (95% CI, 0.93,0.99} per 300 mg/d 
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incrqase in calcium intake with rwpmt to fkwture incidence. The authors con&de, 

“This review supports the current &nical and public health policy of recommending 

increased calcium intake among older women for tiacture prevention.” 

Nieves et.aZ. (1998) conducted a meta-analysis of clinical trials among postmenopausal c 

women to determine whether calcium supplementation augments the effect of estrogen or 

calcitonin (a polypeptide hormone @at decrease s bofie resorption and bone loss) on bone 

density. An analysis of 31 trials showed that combined use ofcakium and estrogen 

resuhed in signi&xntly greater bone mass at the femoral rxxk Q~0.04) and forearm 

op-O.04). The authors concluded, “. . . a high calcium intake potentates the positive effect 

of estrogen on bone mass at ah skeletal sites and perhaps that of cakitonin on bone mass 

of the spine.” 

Weatherall (2000) conducted a meta-analysis of 28 intervention trials to determine 

whether older people with Gactures of the proximal femur have lower vitamin D status 

than normal controls. The pooled reduction in serum 25(OH)D for the tiacture group 

compared to controls was 0.66 of a standard deviation (95% CI, 0.74,0.59). The authors 

concluded, “. . . there is very good evidence that older people with f&tcture of the proximal 

femur have reduced levels ofvitamin D compared to controls Qlder people with &acture 

of the proximal femur should be treated with vitamin D.” 

A meta-analysis designed to assess the effect of vitamin D treatment in preventing 

osteoporosis in postmenopausal women was conducted by Papadimitropouios &al, 
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(2002). The analysis included 25 randomized trials that used standard or hydroxylated 

vitamin D with or without calcium. Vitamin D reduced the incidence of vertebral 

&actures (RRrO.63; 95% CI, 0.45,0.88) and showed a trend to a reduction of 

nonvertebral ftactures (R&=0.77; 95% CI, 0.57, 1.04). The authors concluded~ ?Gtamin 

D decreases vertebral fractures and may decrease nonvertebral fkactures. The available 

data are uninformative regarding the relative efkcts of standard and hydroxylated 

vitamin D.” 

Shea et. al. (2002) conducted a ITI--analysk of 15 randomized trials of calcium 

supplementation to postmenopausal women. The pooled difkrenee in percentage change 

in B&ID Tom baseline was 2.05% (95% CI, 0.24,2,39) for the total body, 1.66% (95% 

CI, 0.70,2.57) for the lumbar spine, 1.65% (95% CI, 0.70,2.57) G-n thehip and 1.91% 

(95% CI, 0.33,1.72) for the distal radius. There was not a significant effect of calcium 

supplementation on vertebral or nonvertebral fkactures. The authors concluded, “We 

found calcium to be more e@xtive than placebo in reducing rates of bone loss a&r two 

or more years of treatment.” 

A meta-analysis of 12 observational studies (four prospective cohort and eight cross- 

sectional) on the association between dietary calcium thorn foods and tiactures in women 

was conducted by Xu et.al. (2004). Pooled analysis of the ten studies that measured hip 

fracture iFound no significant associations with calcium intake (RR=1 .Ol ; 95% CI, 0.96, 

1.07). The authors observed that the relatively high baseline calcium intakes seen in most 

of the studies may have overshadowed a modest effect of dietary calcium and suggested 
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that calcium &om foods may have a protective effect if calcium intakes are below a 

certain threshold. This meta-analysis did not consider the asscciation between calcium 

intake and BMD. 

F. OVERALL CONCLUSIONS - SIGNIFICANT SCIENTIFIC 
AGREEMENT 

FDA’s guidance ‘?nterim Evidence-basexl Banking System of Scientific Data” specifies 

that meeting the SSA standard requires consistent support of the highest quality studies 

available. A list of the studies for each age segment that were given a “+” quality rating 

are presented in Tables 2 through 4. Table 2 identifies the studies that mvestigated 

calcium alone, Table 3 includes studies that investigated only vitamin D and Table 4 lists 

studies that examined both vitamin D and calcium. The percentage of such studies that 

provided direct support for the proposed claim is presentecl in Table 5. 

The BIHW strongly believes that the totality of available science warrants expanding the 

existing health claim to include vitamin D, and to remove qual@ing language regarding 

age, gender, race and physical activity. We believe that the-streamlined claim, “Adequate 

vitamin D and calcium may reduce the risk of osteoporosis in later life,” meets the 

standard for SSA, would more effectively communicate this important public health 

messageto all American consumers, and would be more likely to be used by fbod 

manufacturers than the existing claim. Our rational for this conclusion is presented 

below: 
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Table 2 
calcium studies assigned 8 high quality (“+“) mthg 

women 

won-m 



142 

Tape 3 
Vitamin D studies assigned a high qwk%@ (“+“j rating 

I- Age segment Study design type 
1 2 3 
- m 

w Lehtoaen~ 
Veromaa (02) 

Pate1 (0 1) w . 

, 

Prepubescent 
children 
Adolescent children 

Mazes (85) I 
Tsai (S?) 
Biseboff-Ferrari I 

Adult men & 
premenopausal 
women I I 

Duwson-Hughes (91) 1 * m Elderly men & 
postmenopausal 
women 

Lips(96) 
K@Uluinen (97) 
Hunter (00) 
Mayer (02) 
Trivedi (03) t 

*Studies in bold provide direct support ofthe proposed claim, studies in itaZks provide suggestive support and 
studies in plan type do not support the proposed &ii , 

Table 4 
Studies that examined both vitamin D and calcium assigned a high qnality (“+“) rating 

Study dc kmYP@ 
3 

Age segment 
4 

Biib (98)” (Ca only) 
Kardinaal(99) (Ca 
(d9 

Prepubescent 
children 

Oli;eri (00) 
Kristinsson (98) (Ca 
only) 
Lauberg-Allardt 
(01) @ in males only) 

women 
Elderly men 62 
postmehopausal 
women 

CbwQ CW 
Aloia (94) 
-Pw (94) 
Dawson-Hughes (97) 
Kwif PO 
Prestwood (99) 
Duwson-Hilgbes (00) 
Pewock (00) 
sosu (W 
G-ados (03) 
Baeksgaard (98) 

Ewmd (00) 
Hunilun (00) 

*Studies in bold provide direct support of the proposed him, studis in italics provide wggestive support and 
studies in plan type do not support the proposed claim 
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1. Adequate vitamin D is necessary far optM bone he&h for ah age 
segments of the population 

As noted previously, the DRIs for vitamin D were increased substantially by the Food 

and Nutrition Board (1997) in recognition of the importance of this nutrient for optimal 

bone health. In addition, numerous studies cited earlier in this document show that intake 

of vitamin D is marginal or deficient in large segments of the U.S. population and 

elsewhere. The high quality studies presented in Tabie 5 present strong, consistent 

evidence that vitamin D supplementation, especiahy when combined withcakium, 

deereases loss of BMD and/or decreases fbacture incidence in postmenopausal women 

and older men. AZI of the randomized trials that provided a supplement containing both 

nutrients yielded positive results. Intervention studies that did not show a benefit of 

vitamin D supplenientation can be explained by a probable inadequate dose (Lips et.aZ., 

1996; Komulainen et. uZ., 1997), high calcium intake (Hunter et.&. ,200O) or the f&t that 

supplementation was discontinued @awson-Hughes et&. , 1997). 

The observationsI studies noted in Table 5 provided bss consistent support for an 

association between vitamin D and/or caI&m and bone he&h. However, the limitations 

of such studies are weII known, and FDA has placed much less emphasis on 

epidemiologic data in considering the authorization of health cIaims. Spe&caUy, 

epidemioIogic studies cannot be used to establish a cause and effect relationship (or lack 

thereof) between vitamin D or c&nun intake and BMD or any other parameter. The 

studies that reported a positive association provide evidence of such a relationship, but 

the negative studies do not prechrde such a possibility. Factors which may explain fbilure 

to detect a true association include limited sample size, a narrow range of vitamin D or 
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calcium intake, increased intake of caMm/vit~ I3 among subjwtts at high risk of 

osteoporosis due to participation in the study, errors associated with estimating nutrient 

intake, inadequate length of follow-up period, the presence of unrecognized co&muding 

variables in the population and it&ii to correct completely for known co&mmling 

variables (e.g. age, gender, race, body weight5 menopause, physical activity~ NT, cigarette 

smoking, exposure to sunlight, nutrient status, nutrient interactions, emgy intake, 

alcohol intake, genetic factors). The limitations of making conclusions on epidemiologic 

data iu the area of vitamiu D/calcium and bone health have been specific& discussed by 

Reid (1998) and Heauey (2000). 

High quality data are not available to demonstrate the direct effect of vitamin D 

supplementation on bone health in younger people, but there is consensus in the literature 

that this nutrient is essential for bone health regardless of age. 

Heaney (2003) recently described the evolving understanding of vitamin D as an essehtial 

nutrient fbr bone health throughout life, 

The modest vitamin D fortification ofmilk and a few other foods 
over the past several decades, coupled with the use of vitamin D 
suppiements in children, has eliminated most cases of stage-3 
vitamin D deficiency in North America. However, these same 
stratagems have not been sufIicient to prevent the lesser degrees of 
deficiency.. .Indeed, the stratagems were not designed to do so. 
The vitamin D requirements are pegged to the prevention of swe- 
3 deficiency, and there still remains a presumption that if one does 
not have rickets or osteornalaeii then one has suff!icient vitamin D. 
This position is no longer tenable, not just for the theoretical 
reasons just outlined, but because a rapidly grmviug body of 
evidence indicates xmltimctioning and morbidity, which are 
correctable with vitamin D, in persons who do not have the index 
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[rickets] disease. For example, increasing serum 25- 
hydroxy&amin D [2S(OB)D] concentrations &om -50 nmol& to 
-80 nmolh (both values within the usual reference range) 
improves calcium absorption e&iency by nearly two-thirds and 
reduces osteoporotic fracture risk by one-third. Thus, it is now 
incontrovertrble that vitamin D deficiency that is less extreme than 
that required to produce rickets or osteomalacia nevertheless 
produces disease, although of a long-latency &aracter. 

Holiek (2002) also noted the importance of vitamin D for bone health in young 

individuals, 

Even if vitamin D deficiency is common among healthy young 
female adults, why shouM.we care, given that their skejetons have 
matured and there is no evidence of significant osteoporosis in this 
age group? Are there other more insidious consequences of 
vitamin D deficiency for this age group? Vitamin D is essential to 
Maximize skeletal health Tom birth until death Vitamin D as 
1,25(OH)$ accomphshes this by increasing the efficiency of 
intestinal calcium and phosphorus transport. Vitamin D deficiency 
causes a mineralization defect that results in growth retardation 
and rickets in growing children.. ,.Vitamin D deficiency also 
causes secondary hyperparathyroidii which can precipitate and 
exacerbate osteoporosis by increasing mobilization of mine& and 
matrix from the skeleton. 

Furthermore, the essentiality of vitamin D for optimal calcium absorption and bone 

health was acknowledged by the Food and Nutrition Board (1997) in estabhshing DRIs 

for this nutrient. 

IIn summary, the BIHW strongly believes that the essentiality of vitamin D as a 

determinant of bone health for all ages has been demonstrated by the totality of available 

evidence, and we recommend that vitamin D be included in the health claim for 

osteoporosis as proposed. 
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2. Adequ&e vitamin D and calcium reduce the risk of osteoporosis at a& 
ages 

The high quality studies presented in Table 5 provide very consistent evidence that 

adequate cak%m intake increases peak bone msss among young children and adolescents 

and reduces bone loss and/or &actnre rates in adults &&ding premenopausaI women) 

and the elderly. The BIHW strongly believes that these data justify removing the 

reference to age from the current osteoporosis health claim, 

Despite the limitations described above, a clear majority of the high quahty observational 

studies supports this conclusion. Heaney (2000) noted the reIative importance of 

observational studies in a recent review paper, 

. . .the overwhelmingly positive data from the stronger, controlled 
trials renders these observational studies, in a certain sense, 
superfiuous. Nevertheless, it is distinctly helpf@l to know that the 
effects achievable in the artificial context of a eontrofied trial, 
often using non-food sources of calcium, can be seen also in a 
more natural situation, in which the principal cakium source is 
food (and high calcium intakes a&ost always mainly from dairy 
sources). 

The most compelling support for removing age as a component of the claim4 however, is 

provided by the randomized, controlled trials. High quality evidence is apparent for 4 

age ranges with 85% of the studies providing direct support of a positive effect on bone 

health. The few studies that did not provide direct support were suggestive of a positive 

effect (Strause &al., 1994), were conducted in unhealthy (i.e. fiae&re v$tims) subjects 

that do not reflect the heaithy U.S. popukxtion (Reeker et.aL, 1996) or found positive 

results in a different aged subset of the subjects studied (3ohnston et.al., 1992). In 



148 

addition, as noted above, all ofthe randomized trials that used a supplement containing 

both calcium and vitamin D (which is reflected in the wording of the proposed claim) 

yielded positive results, 

The importance of adequate calcium intake for l&long skeletal health was recently 

reviewed by Heaney (2002). In addition, Heaney and Weaver (2003) recently concluded, 

A very large body of studies.. .demonstrates that augmented 
ticium intakes increase bone acquisition during growth, slow age- 
related bone loss, and reduce &agility &actures in the elderly 
population. Moreover, there is general agreement that a high peak 
bone ma,ss is strong protection against low bone mass and its 
associated fragility in late life. During adolescent growth almost 
40% of adult bone mass is potentially accrued. A number of 
environmental f$ctors influence achieving maximal peak bone 
mass within the genetic potenta these include diet, exercise, and 
other behaviors such as tbbacco and akohol use and eating 
disorders. Increasing calcium#airy fbod intakes has enormous 
potential for increasing peak bone mass. 

In conclusion, the BIHW believes the available data provide compelling evidence that 

adequate calcium and vitamin D intake are required throughout life for optimal skeletal 

health, and we strongly recornknend that the language regarding age rest&ion (i.e. 

“young”) be eliminated from the osteoporosis health claim as proposed. 

3. Adequate vitamin D and calcium intake reduce the risk of 
osteoporosis among all races 

The BIHW believes that the available data- removing referenee to the “white” and 

“Asian” races in the current health claim. The use of these terms implies that Afkican 

Americans are not suscept&le to osteoporosis and need not be as concerned about 
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consdg adequate calcium and vitamiu D as are other ethnic groups. we believe this 

notion is false, and that newer data demonstrate the need for persons of all races to 

consume adequate amounts of these nutrients. 

Afkan Americans typically have higher bone density and experience lower &a&me rates 

than other races. Results from the National Osteoporosis Risk Assessment study (Siris 

et al., 2001) show that the RR for new fractures among Afiiean American 

postmenopausal subjects was O.S$ (95% CI, 0.41,0,72) compared with their white 

counterparts. Nevertheless, tiacture rates among AMcan Americans are 57.3 per 100,000 

people, and by 80 years of age, there are substantial numbers of black women who have 

sufKciently low BMD to be considered osteoporotic by the WHO definition (Aloia eml., 

1996). In addition, African Americans tend to have lower serum 25(OEI)D 

concentrations and greater serum PTH values than non-blacks, and vitamin D 

supplementation raises serum 25(OH)D in this group. These observations led Aloia et.& 

(1996) to conclude, “Low-risk strategies to enhance peak bone mass and to lower bone 

loss, such as cal&un and vitamiu D augmentation of the diet, should be examined for 

black women.” 

As noted plier, the Food and Nutrition Board did not find sufficient evidence to set a 

separate DRI for calcium or vitamin D for the African American populatiou (Bryant 

et.&, , 1999). This conclusion demonstrates that all ethnic groups should be treated 

equally with respect to dietary recomtnendations for these nutrients. Given the f&t that 

all ethnic groups are susceptible to osteoporosis and that significmt numbers of fractures 
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occur among fk&ican Americans, the BIHW b&eves there is no compe&ng evidence to 

exclude this ethnic group from the osteoporosis health claim, Furthermore, FDA 

proposed to remove the required Ianguage with respect to race in its 1995 proposal (60 

FR 66206 at 66217). Therefore, we strongly recommend that the language “white and 

Asian” be eliminated as from the current claim as proposed. 

4. Adequate vitamin D and calcium intake reduces the risk of 
osteoporosis for both genders 

The BIHW believes that the available data justify removing reference to “women” in the 

current health claim. Although osteoporosis is more common in women, data Tom the 

National Osteoporosis Foundation (2002) show that there are currently 14,000,OOO meti 

in the U.S. with osteoporosis or low BMD and the incidence is projected to exceed 

30,000,OOO by 2020. Geier (2001) estimated that the cost of osteoporosis for men was 

approximately $2.8 billion in 199.5. These statistics clearly indicate that osteoporosis is 

not a public health issue confined to the female gender. 

As noted earlier, the Food and Nutrition Board (1997) increased the recommended 

intakes of both calcium and vitamin D for males compared to the 199% RDAs, This 

measure reflects the growing awareness and knowledge of the importazxx of these 

nutrients in aiibcting bone health among males. 

The majority of randomized intervention studies using vitamin D and/or calcium have 

been performed in females, however all of the controlled trials that are available using 

male subjects reported positive results. These studies were conducted with prepubertal 
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chiklren (Johnstun et.aZ., 1992; Lee et. aI., 1995; TM&a e&d., 2000), adolescents (Renner 

et. al., 1999) and elderly (Damson-Hughes et. d., 1997; Peacock et. al., 2oO09 Trivedi 

et. al., 2003). These data clearly show that cak5um and/or vitamin D supplementation has 

a positive effect on bone health in male subjects, Furtlbmore, FDA proposed to 

eliminate the required language with respect to gender in its 1995 proposal (60 FR 66206 

at 66216). Therefore, we strongly recommend that the word %omen” be eliminated as 

Tom the ,current claim as proposed. 

5. Adequate vitamin D and c&&n intake r&&es the risk of 
osteoporosis regardless of the level of physical activity 

Physical activity has been convincingly shown to increase bone density in human 

subjea (Heaney and Weaver, 2003). However, v&tally all of the high quality dietary 

intervention studies cited in this petition controlled for physical activity between the 

placebo and experimental groups. These studies demonstrated that caMum and/or 

vitamin D suppfemerrtation increases bone mass regardless of the level ofphysical 

activity. This information supports the position that information about the importance pf 

physical activity on bone health should be permitted in the osteoporosis health claim, but 

shoukl not be mandatory. Furthermore, FDA proposed to eliminate the required language 

with respect physical in its 1995 proposal (60 FR 66206 at 66216). Therefore, the BIHW 

strongly recommends that the term, “physical activity’ be made an optional part of the 

new claim as proposed. 
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6. Summary and overall con&sions 

In summary, the BfHW strongly believes the SSA standard has been met for the proposed 

claim. The available observational data support the premise that vitamin D and/or 

calcium intake is associated with bone health & the randomized, controhed 

supplementation trkls are extremely consistent in demonstrating a positive efTect. 

Furthermore, these data apply without regard to age, ethnic group, gen&er or level of 

physical activity. We therefore strongly recommend that FDA move forward to authorize 

the proposed claim as quickly as possible. 

Iv. NATURE OF THE FOOD ELIGIBLE TO BEAR THEI CLAIM 

The BIHW proposes that foods that quaI@ as excellent sources of vita@n D and calcium 

(i.e. at least 20% DV per RACC for non-meal-type foods) and meet all of the general 

health claim requirements set forth irk 21 CFR 8 101.14 be eligible to bear the proposed 

claim. As noted previously, we also propose that foods that meet the current eligibi&y 

criteria for the calcium and osteoporosis heahh &&II be permitted to use the simpIified 

claim language described above. 

A. IkGnimum content of vitamin D and calcium 

The BIHW believes that the eligibility criteria fbr the proposed claim should be 

consistent with those of the current calcium and osteoporosis health claim. The gene@ 

requirements for health claims dictate that when a substance that is the object of a claim 

is to be consumed at other than deereased dietary levels it must meet the definition of 

‘eXcellent source” as defkd in 21 CFR fj 101.54(b) (see 21 CFR 0 lOl.l4(d)(2)(vii)). 
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Appiication of this criterion dictates that a minimum of 20% DV per RMX’ for both 

calcium and vitamin D be required fbs conventional, nonmeaktype foods to be eligiBe 

to bear the claim. 

Application of the ‘*excellent, source” criterion is ako consistent with the scientific 

evidence reviewed in this document. According to 21 CFR 0 lOl.l4(d)(2)(vii), 

application of the “excellent source” criterion ensures that a serving of food that bears a 

health claim will provide “a suflkiently high proportion of the DV of that nutrient to 

just@  the ck&n”. Thei DV fbr vitamin D is 400 IU. Eight of the 12 high quality 

intervention studies reviewed in this document that found a positive eff&ct of vitamin D 

(or a combination of vitamin D and calcium) on bone health employed a vitamin D dose 

in this range. Four studies (Dawsqm-Hughes et.aZ., 1991; Aloia et.ai., 1994; Kreig ~et.aZ., 

1999; Grades et.aL ,2003) provided 400 IU per day, three studies (Chaputy et.aZ., 1992; 

Chaputy et.al., 1994; Prestwood e&al.. 1999) provided 800 IU per day and intermediate 

levels were provided by B&sgaard et-al. (1998) and Dawson-Hughes et.aZ, (2000). 

Application of the “excelknt souree” criterion is also consistent with the regulations that 

control the addition of vitamin D to prepared foods. As noted1 previously, 2 1 CFR 3 

184.1950 allows the addition of vitamin D to breakfast cereals (350 W/100 g), grain 

products and pastas (90 IWO0 g), milk (42 IU/lOOg) and milk products (89 IU/lOO g). 

In addition, 21 CFR 6 166.110 permits tirtifkation of margarine (330 IU/lOO g) and the 

newly promulgated 21 CFR 0 172.380 permits the addition of vitamin D to calcium- 

fortified 100% fiuit juice aud tit drinks (100 IUk-ving~ not intended for infhnts. Of 
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these foods, those that are excellent sources of &iurn (i.e. mi& yogurt3 certain fortified \ 
breakfast cereals and juices) are permitted to add enough vitamin D to qualify for the 

proposed claim. On the other hand, foods that woukl be ineligible to bear the claim 

because they are not excellent sources of calcium (e.g. margarine, enriched grain 

products and pastas) are generally not permitted to add s&Seat qua&ties of vitamin D 

to qualify for the claim8. 

In summary, the BIHW believes there is sound regulatory, scientific and practical 

rationale to warrant application of the “excellent source” criterion to the proposed &it-+ 

B. CMcium and vitamin D levels beyond which there are no additional beuefits 

The BIHW proposes to adopt FDA’s 1995 proposal (60 FR 66206 at 662 19) to require 

foods that contain 1,500 rug calcium or more per RACC be required to state, “a total 

dietary intake great& than 200 percent of the recommended daily in&&e (2,000 

tni@mns (mg) of calcium) has no further known benefit to bone health,” as set forth in 

21 CFR 6 101.72 (c)(2)(@(E). Wowever, we do not believe such a requirement is 

necessary or appropriate fbr vitamin D. 

Current data suggest that intakes of vitamin D beyond the cumnt DV we beneficial to 

older Americans, and may be benefSal to many other individuals. The DV for vitamin 

D is based on the 1968 RDA of 400 IU/d for all age/gender segments of the population 

(Food and Nutrition Board, 1968). This benchmark was increased to 600 IU/d for men 

* Although h.it drinks are permitted to be fixtifkd with up to 25% DV of vitamin D, currently available 
products would not qualify for the-proposed claim because techaicaf oonstrtits prevent them hm king 
f&fled with more than 10% DV of calhm. 
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and women over the age of 70 with establishment of the current AL The IOM cited 

strong evidence that, ‘eklerly are at high risk for vitamin D deficiency” as a basis for this 

change (Food and Nutrition Board, 1997). 

More recently? it has been demonstrated that suppIementation with vi@min D at levels 

considerably higher than the AI result in f&orable changes in serum 25(0HJD and PTH 

but does not a&ct serum calcium concentrations. Heaney et.& (2003) reported that 

serum 25(o;w)D concentrations increased, and levels of PTH decreased, in a dose 

response fashion as healthy men (mean age = 38.7) living in Omaha vvere supplemented 

with 0,25,125 and 250 pg (10,000 jnr) of vitamin D per day for tie months. Serum 

calcium concentrations were un&anged during this experiment. In addition, Vi&h etd. 

(2001) reported that serum 25(OH)D concentrations were higher in healthy men and 

women (mean age = 41 years) supplemented with 100 pg/d (4,000 KJ} of vitamin D for 

three months compared to subjects given 25 pg/d. There was no difExence in serum 

calcium between these two groups. These data demonstrate that consumers may beneGt 

from consuming vitamin D in amounts substantially above the AI and that the claim 

should not be required to speeti a level beyond which no further benefit would be 

expected. 

C. Additional ehgibii requirements 

The BIHW further recommends that the remaining ehgibii requirements of the current 

calcium and osteoporosis health ciaim set forth in 21 CFR $ 101.72 (cx2)(ii) also apply 

to the proposed claim. Specifically, the calcium content of the product shah be 
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assimilable, any existing standards for disiigration +t& dissolution of w salts 

stated in the united states Pharmacopoeia must be met (dietary supplements only) and 

the food or daily recommended supplement shall not contain more phosphorous thari 

calcium on a weight per weight basis. 

D. General health claim criteria 

Finally, the BIHW proposes that all of the gels& mqukments for health claims set 

forth in 21 CFR $101.14 be applied to the proposed claim. Specifioally, ‘Gods eligible to 

bear the claim must meet the disqualifler levels 6~ total tit, saturated fat, Aolesterol and 

sodium as well as the 10% DV minimum nutrient contribution requirement. 

V. DIETARY CONSIDERATIONS 

The BIHW believes that availability of the new claim has the potential to improve quality 

of the U.S. diet with very little r&k. This conclusion is based on the fact that only 

nutrient dense foods (already recommended for frequent consunrption by the Dietary 

Guidelines for Americans and the Food Guide Pyramid) would be eligibIe to bear the 

claim. In addition, availability of the cl& is likely to prompt consumers to switch to 

vitamin D/calcium fortified forms of foods already being consumed rather than to 

increase consumption of such foods. Furthermore, existii regulations ensure that 

excessive intakes of vitamin D will not occur. Finally, we believe that authorization of 

the proposed claim will provide an incentive for food mam&cturers to utilize the existing 

reg&ttions to make a wider selection of vitamin D-fortified foods avaiktble to the 

Americanconsumer. 
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A. ONLY MUTRIEN’F DEh&E FOODS WLLL QUALIFll FQR ‘IWE 
PROPOSED CLAIM 

As discussed in the previous section, foods that qualify for the proposed claim must be 

excellent sources of both vitamin D and cafcium, meet the disquali&r levels for f&t, 

saturated fat, uholesterol and sodium as well as comply with the 10% DV nutrient 

contribution requirement. Application of these criteria will limit use of the proposed 

da.im to nutrient dense foods iuchtding low f&t (2% f&t or less) fluid m&s, vitamin D- 

fortiffed yogurts, calcium and vitamiu D-fortified tit juices and certain vitamin and 

mineral+xtiiied bre&fkst cereals (see Appendix D for a survey of current& available 

products eligible to bear the proposed claim). 

The nutritional benefits of such foods are well recognized. CSFE data show that milk is 

the largest source of calcium, phosphorous, potasskm, magmsium and riboflavin in the 

U.S. diet of adults (Subar etd., 1998) and of protein, cakkxm and magnesium fbr 

children (Subar et.al., 1998a). In addition, consumption of flavored milks and pre- 

sweetened cereals has been shown to increase nutrient density of the diet of U.S. children 

(Frary et.aZ., 2004). Data reported by Subar et.aZ. (1998,199Sa) also show that 

orange/grape&uit juice is the largest source of vitamin C for both children aud adults, and 

that ready-to-eat bmakfkst cereals are the leading sources of folate, vitamin Be and iroxi 

for U.S. adults, and of vitamin A, foiate and iron for eh3dren. 

Fruits (including juices), vegetables and low-fit dairy products have been shown to lower 

blood pressure and to reduce the incidence of hypertension when fed as cxmponents of 

the DASH diet (Appel et.&, 1997). 
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The high nutrient density and other he&benefits offi’uits, veget&les and low-&t dairy 

products have prompted numerous dietary recommendations and educational programs 

designed to increase their consumption. Examples include the National Cancer 

Institute/Produce for Better Health Foundation’s Five-a-Day program’ and the National 

Dairy Council’s Three-a-Day” initiative. In addition, the Food Guide Pyramid (United 

States Department of Agriculture, 1996) recommends frequent consumption of low&t 

dii products and the Dietary Guidelines for Americans (U.S. Department of 

Agriculture/Health and Human Services, 2000) lists mik, yogurt, f&it juice with added 

calcium and breakfast cereal with added calcium as recommended sources ofthis 

nutrient. 

Unfortunately, 1994-96 CSFII data (United States Department of Agrkulture, 1999) 

show that the mean intake of dairy products among U.S. consumers at least two years of 

age is only 1.5 servings per day, and just 23 percent of this population consumes the 

recommended number of servings based on age and physiologic& status’“. Similarly, 

mean servings of %uit (including fixit juices) is 1.5 per day and only 23 percent of the 

population age 2 or more meet the recommended number of servings based on 

physiological statu& 
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Iu summary, the BIIIW believes that authorization of the proposed claim would provide 

new opportunities to help educate the public about the benefits of cousumiug nutrient 

dense foods already broadly targeted for increased consumption. 

B. DIETARY PATTERNS ARE UNLIKELY TO CHANGE SIGNIFICANTLY 
ASARESULT OF THE CLAIM 

The BIHW believes that consumers are more likely to respond to the proposed claim by 

switching to vitamin D-fortified products within the a&k&d categories (e.g. low-&t 

dairy, calcium-fortified juices) than by increasing total consumption of fmds withiu these 

categories. Such a response would result in increased intake of vitamin D (and possibly 

calcium) without notable ch&nges iu the overall dietary pattern. This conclusion is 

supported by cousumer response to the availability of caIeium-fortified orange juice. 

Specifically, the orange juice category has increased only 6.7% since 1996, but the 

consumption of calcium-fortified varieties has increased by 207% during the same period 

(see Table 6). 

Table 6 
Sales Calcium and Non-calcium Fortified of Grauge Juice iu the U.S. 

Source: AcNielm Supamarkets $4R4M+ With Sum 
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Sales of calcium-fortified juices currently represent approximately 40% of ah juices sold 

by the Minute Maid Company. We believe ava3abiIit.y of a health claim fbr vitamin D 

and calcium will stimulate the current trend toward consumption of fortified, rather than 

non-fortified juices, while maintaining total consumption at or near current levels. 

It is likely that availabii of the proposed claim will have a similar effect in other 

categories (i.e. yogurt) where the use (and avaikbiity) of non-vitamin D-fortified 

products prevails. FDA used similar reasoning to just@ the exemption of sterolkno~ 

ester-containing salad dressings and spread6 fkom the SO-gram criterion of the totaI f&t 

disqmtier level (65 FR 54686,54710, September 8, ZOOO), 

It is hoped that the proposed claim will encourage consumers to increase consumption of 

vitamin D-fortified Iow-fat milk, but we believe the claim is unhkeIy to have a dramatic 

effect in this area. Per capita consumption of total beverage milks (expressed as gallons 

per year) is shown in Table 7. Although the consumption of the total category has 

decreased gradually during the past decade, the total change has been less than 10%. 

MIilk consumption is based on many sitctors, and it seems unlikely that availability ofthe 

proposed claim wih dramatically alter the stability of this category. 

In summary, the BIHW believes the most important ef&ct of proposed heahh claim will 

be to encourage Americans to choose vitamin D-fortified forms of the foods they are 

&eady cons*. There is little evidence to suggest that overall dietary patterns will be 

significantly aflbcted. 
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Table 7 
Per Capita Consu.rnption of Beverage Milks in the United States 

Source: USDA/Ecomnnic Research Service. 

C. EXPOSURE TO EXCESSIVE AMOUNTS OF VIT&iIN D IS VERY 
UNLIKELY’3 

The BIHW believes that several %ctors provide stroug assurances that the proposed 

health claim will not result in “‘overwfort%cation” of the food supply with vitamin D or 

put the population at risk of excessive intakes of this nutrient. These f&tom include 

existing regulations that control thi: addition of vitamin D to foods, suboptimal amounts 

of vitamin D in the current diet and new evidence that suggests the current UL for this 

nutrient is very conservative. 

l3 The addition of vitamin D to the existing c&ium and osteoprosis health claim does not aflkct previous 
conclusions by FDA regarding the appmpriatmess of calcium as an object of the claim. Therefore, 
discussions in this tiion will be limited to vitamin D. 
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1. Existing regulations control the addition of vitamin D to foods 

As noted previously, the addition of vitamin D to foods for children snd adults is 

controlled under 21 CFR $0 166.1 IO, 172.380 and 184.1950. A recentstudy by the 

ENVIRON International Corporation’4 demonstrated that these regulatians are doing an 

excellent job of ensuring that intakes of this nutrient tie not excessive. This study 

included a thorough assessmem of vitamin D intake among all age/gender segments of 

the US. popul@ion based on the 1994-96 and 1998 CSMI databases (See Appendix E). 

The results of this study are summzprized in Table 8. The 90’ percentile intakes of 

vitamin D were less than the UL of 2,000 III/d for all non4nGnt age/gender segments of 

the population. These calculations included all dietary sources of vitamin D, assumed 

that all eligible juice products were fortified and that alI individuals took 400 III/d 

supplemental vitamin D per day. The report concluded, 

Among the @uit juice andjuiee drink consuming populations of 
Americans ages 1 year and older and non-breastfeeding infants 7 through 
12 months of age, the estimated intakes of vitamin D resultmg from the 
proposed fortification scenario %lls below the Tolerable Upper Intake 
Levels of vitamin D as established by the Institute of Medicine. 

At the PO* percentile of vitamin D intake, non-brqastfeeding iniknts ages 0 
through 6 months who consume the vitamin D fortified beverages and a 
vitamin D-containing supplement in addition to formula have the potential 
for exceeding the UL for vitamin D by approximately 60 IU per day, 

I4 This study was wmiucted in conjunction with a petition to FDA from the Minute Maid Coqhmtim 
requesting the authorization of vitamin D as a ibod additive for cakiuzn-fortified juices and juice drinks 
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FDA relied heavily on this report to justii gnmting the h&&e Maid food additive 

petition. The agency concluded that persons one year of age and older would not be 

exposed to amounts of vitamin D greater than the UL after fortification of eligible juice 

products. The agency also decided not to allow vitamin D fortitieatiou of juice products 

specifica& formulated for i&&s because very young non-breast fed in&&s had a 

potential to slightly exceed the UL of 1,000 IU/d (68 FIR 9000,9002, Febmary 27,2003). 

These data provide $ high level ofassurame that authotition of the proposed claim wN 

not result iu excessive consumption of vitamin D in the U.S. population. The juices that 

will be fortified with vitamin D and cakium and are eligible to bear the claim are not 

intended for consumption by h&~&s and are not promoted as such. As noted above, juice 

products that am intended for i&u&s will not be eligible to be &t%ed with vitamin D 

and wouId also be excluded from use of the claim by 21 CFR 6 lOl.M(e3(4) of the 

general health clahn requirements. We therefore believe that authorization of the 

proposed claim would not pose a risk to any segrnetit of the population. 

2, Current intakes of vitamin D in the US. are s&optimal 

As noted previously, a large majority of the adult population f%Is to receive the 

recommended aniounts of dietary vitamin D. It is difficult to envision how authorization 

of the proposed claim could contribute to excessive intakes of this nutrient given this 

situation. 
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3. The current UL for vitamin D is ~ob&ly very conservative 

The current UL for vitamin D was based on a single study in which 30 healthy subjects 

were fed does of 10,20,30,60 and 90 pg/d for three months (Food afld Nutrition Board, 

1997). The subjects who were fed 60 pg (2,400 IU) experienced a sh&t but insignificant 

increase in serum calcium Corn 9.73 to 10.47 mg/dl while subjects given 90 &d 

experienced a slightly greater rise (f&m 9.82 to 11.32), which the KIM considered 

hypercalcemic (>I 1 mg/dl). These data were used to establish a no-observed-adverse- 

effect level (NOAEL) of 60 pg/d and a UL of50 @d (2,000 IU)for the non-i&nt 

population, 

As noted previously, new data have become available since the KIM report that suggest 

much larger doses of vitamin D can be consumed without tie&.ng serum cakium. Vieth 

e&al. (2001) reported that serum calcium was similar among 61 healthy men and women 

(mean age = 41 years) randomized to receive either 25 or 100 @d of vitamin D for three 

months. These investigators concluded that 100 pg/d (4,000 Iv) is safe. In addition, 

,Heaney e&al. (2003) showed that serum cakium was sin&t among 67 healthy male 

subjects (mean age = 38.7 years) supplemented with 0,25,125 and 250 fig vitamin D per 

day for five months. These data have prompted several researchers (Holick, 2002a; 

Heaney, 2OooZt; Hollis and Wagner, 2004) to suggest that both the UL and the AI fbr 

vitamin D be increased. 

These data provide an additional layer of confidence that approval of the proposed claim 

poses virtuahy no risk to the American population firom excessive intakes of vitamin D. 
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D. iINcENTIVE TO INDUSTRY FOR MORE VITAMIN D FORTIFIED 
FOODS 

The BlHW believes authorization ofthc proposed claim will provide an incentive for 

fbod mant.&cturers to develop and market more foods fortified with vitamin D. Of the 

foods that will be eligible to bear the proposed claim, only fluid milk is universally 

fortified. Fortified yogurts are becoming more widely available, but many such products 

are not yet fortified. In addition, vitamin D is typically added to ready-toe& breakfast 

cereals at 10% DV, but most of these products are eligible to be fbrtifted to 20025% DV. 

We believe increased avaiIabi&y of vitamin D-fortified foods is important to help 

consumers obtain adequate amounts of this nutrient. The bc.nelEits of additional vitamin D 

fortification will accrue to all consumers regardless of their awareness of the new claim, 

M. MODEL HEAZTH CLAIMS 

Model statements &r the proposed claim are as follows: 

* Adequate vitamin D and calcium may reatuce the risk of osteuporosis in later kif. 

. Adequate vitamin D and calcium he&s maintain go& brie health and may redzlce 
the risk of osteoporosis in Eater lz$?. 

n Regular exercise anda hea&& &et with enough vitamin D a& c&&n may reduce 
the risk of usteopros#s in t%ter lif. In persons at high m*sk for the &sease, including 
menopausal women andeiQ&r?y men andwomen, these nutrients work by slowing the 
rate of bone loss. 

Similar model statements (but without the re&rence to vitamin D) arc proposed for foods 

that qualify for the existing calcium and osteoporosis claim (21 CFR 0 101.72 (c)@(ii)) 

but do not meet the proposed eligibility requirements for vitamin D. 
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The BIHW believes these model state&en& are consistent with the totality of scientific 

evidence presented in this document, and wouki help consumers make healthy dietary 

choices regardless of their age, gender or ethnic origin. 

We further believe it is important to provide fbod rnanufaeturers with tile option to use 

the simplest and most co&se claim possible. Such claims are attractive to industry 

because they are generally the most effective &on3 a communications perspective and 

require a minimal amount of label space. FDA recognized this need in its 1995 proposed 

revisim of the calG.un and osteoporosis claim (60 FR 66206 at 66216), 

As stated above, however, FDA acknowledges that the number of fbfbod 
products bearing health claims is not as great as the agency had 
anticipated. FDA is concerned that maua have heen disiuclined 
to use lerqthy health claims on food labels, and that too many words will 
detract &om the central comqmxmnessage of tie claim. As a result, FDA 
is concerned that health claims like the calcium/osteoporosis claim will 
continue to be infbquently used, atid that the benefits of eomrmm,icating 
infbrmation on diet-disease relationships through such claims will not be 
realized. 

Because of these concerns, the agency has reevaluated the requirment in 
8 101.72(c)(2)(i)(A) that a calcium/osteoporosis health claim “*** list[J 
specific fbctors, includiug sex, race, and age that place persons at risk of 
developiug osteoporosis and stat[e] that an adequate level of exercise *** 
[is] also needed*” 

Nevertheless, the BIHW believes that optional infbrmation regarding physical activity, 

the impact of vitamin D and/or calcium on bone health du&g adolescexlce and additional 

iufbmation about osteoporosis be included in the claim on an optimal basis. This 

infbrmatioq is descriid in detail in the proposed regulatory text provided later in this 

document. 
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Two standard methods tir vitamin D from the Association ofOfl?cial Analytical 

Chemists (AOAC) are applicable to monitor compliance of &ads that bear the proposed 

claim (Association of Of&&l Analytical Chemists, 1995). These methods include 

AOAC Official Method #98l. 17 for fortified milk and milkpowder, and AOAC OfEcial 

Method #982.29 for mixed feeds, premixes and pet foods. The latter method is 

applicable to ah food produots containing vita&n D in the range of 2 to 200 Wg, 

The analytical me&ods currently used by the agency to monitor the ca.k&nn content of 

foods will continue to apply. 

VIII, REQUEST J!ORlNIFNM HlWL RULE 

FDA has the authority under Section 403(r)(7) of the Federal Food, Drug, and Cosmetic 

Act to issue an interim final rule a for health claim if such action is necessary for public 

health. The BIHW believes that the three criteria specified by the Act that enable FDA to 

take this approach have been satisfied: 

A. Enable consumers to develop and maintain healthy dietary practices 

The majority of American consumers fail to consume the Al fbr vitamin D and calcium, 

which are essential for the development and maintenance of a healthy skeletal system 

Furthermore, more than 43 million men and women in the U.S. curreutly sufl%r from low 

bone mass or osteoporosis, and the incidence of these conditious is projected to increase 

dramatically during the next twenty years. In addition, authoritative bodies ineludii the 
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FDA, IO&& NIH, National Osteoporosis Foundation and the Arm&m Acaderhy of 

Pediatrics have recognized the importauce of consuming adequate mouuts of vitamin D 

and cakiurn for bone health. The proposed claim would provide au important new 

opportunity to educate consumers about the importance of consumiug adequate amounts 

of these nutrients, and would provide an incentive for the food industxy to develop and 

market more foods that are excelkmt sources of vita&u D. 

B. Enable consumers to be ix&ormed proqxptiy and effectively of important new 
knowIedge regarding nutritional and health benefits of food 

Food and dietary supplement manufactures have not been etted to call attention to 

the role that vitamiu D plays in reducing the risk of osteoporosis on labels or in labeling. 

A recent surveyt5 found that only 49% of 1,020 randomly selected adults living iu the 

U.S. were aware of the rote that vitamiu D plays in this regard. Expedited avail&ii of 

the proposed claim would allow the food industry to more e@xtively address this lack of 

knowledge. 

C. Ensure that s&mtifieaUy sound nutritional and health information is provided 
to consumers as soon as possiiie 

A tentative final rule would shorten the length of time necessary to u-t&e product label 

to disseminate information on the roIe of vitamin D in bone health by a n&&mm of one 

year. This information is urgently needed to bolster educational ef&rts designed to 

combat a d&se that is estimated to cost Americans approximately $17 bi&on per year 

in direct medical costs. 

*’ Conducted by Opinion Research Corporation March Z&24,2002 
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In conclusion, the BIHW believes that all three conditiotls for a53 inter& &al rule have 

been met. FDA took this approach in authorizing use of the sterol/stauoI esters health 

claim (65 Ffc 54686 at 54713) and we believe the public health r&male to do the same 

for the proposed claim is at Ieast as compelling. 

rx. ENVIRONMENTAL IMPACT ASSESSMENT 

The BIHW chooses to avail itselfof the categorical exciusion with respeot to au 

environmental impact assessment provided by 21 CFR 5 25.32(p). Accordiugly, an 

environmental impact assessment is not required for this submission. 

x CONCLUSION 

In conclusion, the BIHW strongly believes that the totality of available evidence 

demonstrates that adequate intake of vitamin D and cakium reduces the risk of 

osteoporosis in later life by enhancing bone mass regardless of age, gender, ethnicity or 

level of physical activity. This conclusion is based epidemiological evidence as well as 

numerous randomized, controlled studies that show supphmentation with vitamin D 

and/or calcium increases bone mass, reduces fracture incidence and/or ‘protects against 

osteoporosis in virtuahy all segmeuts of the population The importance of vitamin D 

and cakium for bone health was the basis for establishing AIs for these nutrients (Food 

and Nutrition Board, 1997) and has been timally recognized by numerous 

governmental, professional and public health organ&&ions. Au expanded health claim 

for osteoporosis that includes vitamiu D and does not exclude men+ At&an Americans or 

older individuals will assist in educating all consumers about the importance of these 
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nutrients, and we strongly recommend that the agency issue an interim f&d rule 

authorizing use ofthe proposed claim as quick& as possiile. 

XL PROPOSED REGULATORY TEXT ’ 

The folIowing proposed regulatory text uses FDA’s 1995 proposed modification of 21 

CFR 8 101.72 (60 FR 66206 at 66225) as a template. 

8 101.72 Health cl&ma: Cal&m, vitamin D sad osteoporosis 

(a) Relationship between cakium, vitamin D and osteoporosis. An inadequate 

calcium or vitamin D intake can contribute to low peak bone mass and has been 

identified as one of many risk factors in the development of osteoporosis. Vitamin D is 

required for normal absorption of calcium, and to prevent the occurrence of high serum 

pamthyroid hormone (PTH) concentration, which stimuiates mobilization of calcium 

%om the skeleton and csn lower bone mass. CM&m, along with several other nutrients, 

is required for normal bone mineralization. Although vitamin D is also required for 

optimal bone mineralization, it is less effective unless calcium intakes are adequate. Peak 

bone mass is the total quantity of bone present at maturity, and experts beheve that it has 

the greatest bearing on whether a person will be at risk of developing osteoporosis and 

related bone ftaetures later in life. Another Actor that influences total bone mass and 

susceptibility to osteoporosis is the rate of bone loss &er skeletal ma-. An adequate 

intake of cakium and vitamin D is thought to exert a posit~e effect during adolescence 

and early adulthood in optimizing the amount of bone that is laid down. However, the 

upper limit of peak bone mass is genetically determined, The mechanism through which 
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an &xpate cakium and vitamin D intake and optimaQeak bone massreduce the risk of 

osteoporosis is thought to be as follows. Au persons lose bone w&h age. Hence, those 

with higher bone mass at maturity take longer to reach the critica& reduced mass at 

which bones can fracture easily. The rate of bone loss &er skeletal maturity also 

influences the amount of bone present at old age and can influence an individual’s risk of 

developing osteoporosis. Maintenance of an adequate intake of eak&m and vitamin D 

later in Iif2 is thought to be important in reducing the rate of bone loss particularly in the 

elderly and in women during the first decade follow@, menopause, but a signrficant 

protective effect is also seen among men and younger women. 

(b) Significance of vitamin D &d calcium and vitamin D. Calcium vitaminD 

intake is not the only recognized risk titer in the development of osteoporosis, a 

m~~I@~ctorial bone disease. Other tictors include a person’s sex, race, hormonal status, 

family history, body stature, level of exercise, general diet, and specific life styie &Sees 

such as smoking and excess alcohol consumption affect the risk of osteoporosis. 

(I) Heredity and being female are two key Uors identi&ing those individuals at 

increased risk for the development of osteoporosis. Hereditary risk fhctors &rude race: 

Notably, Caucasians and Asii are characterized by low peak bone mass at maturity. 

Caucasian women, particularly those of northern European ancestry, emrience the 

highest incidence of osteoporosis-related bone fracture. American women of African 

heritage are characterized by the highest peak bone mass and lowest incidence of 

osteoporotic fracture, despite the fhct that they have low calcium int&e. Nevertheless, 

approximately 35 percent of AI&an American men and women were a&&ted with 
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osteoporosis or low bone mineral density in 2002, and the incidence is expected to 

increase as the population ages. 

(2) Although certain population subgroups includii adolescent and young adult 

Caucasian and Asian women are at particular risk for osteoporosis, experts agree that 

maintenance of an adequate intake of calcium and vitamin D throughout life increases 

peak bone mass and/or reduces the r&k of osteoporosis among male and female children, 

adolescents, adults and elderly persons regardless of ethnic origin. 

(3) Maintenance of adequate vitamin D and calcium intakes throughout life is 

necessary to achieve optimal peak bone mass and to reduce the risk of osteoporosis in 

later life. However, vitamin D is most effective in this regard when calcium &&es are 

adequate. increasing intake of calcium has been shown to have beneficial effects on bone 

health independent of dietary vitamin D. 

(c) Requirements. (1) All requirements set forth in (j 101.14 shah be met. 

(2) Specijk requirements 41’) Nature of the claim. A health claim associating 

calcium, or a combination of vitamin D and calcium, with a reduced risk of osteoporosis 

may be made on the label or labeling of a food desc&ed in paragraphs (c)(2)(G) and 

(d)( 1) of this section, provided that: 

(A) The claim states that adequate intake of calcium, or vitamin D and calcium, as set 

forth in paragraphs (c)(2)(&) and (d)( 1) of this section, may be linked to reduced risk of 

osteoporosis in later life, The claim does not imply that adequate dietary caicium intake 

is the only recognized risk Actor for the development of osteoporosis; 

(B) The claim does not state or imply that the risk of osteoporosis is equally 

applicable to the general United States population. An optional statement that identifies 
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other populations at risk for developing osteoporosis ineludii women in their bone 

forming years from approximately I1 to 35 years of age may be made in accordance with 

paragraph (d)(4) of this section; 

(C)The claim does not attribute any degree to which maintaining adequate calcium 

intake, or a combination of adequate vitan$n D and calcium intake ifapplicable, 

throughout life may reduce the risk of osteoporosis; and 

(D) The claim states that total dietary intake of ca.Icium greater thz+n 2,0&I milligrams 

(mg) per day (200 percent of the DV for calcium for adults and &l&en 4 or more years 

of age or 154 percent of the daily value @V) for pregnant or lactating women) provides 

no further benefit to bone health in reducing the risk of osteoporosis. This requirement 

does not apply to a food that provides 1,500 mg or less of calcium per day (150 percent 

or less of the DV for calcium for adults and children 4 or more years of age or 115 

percent or less of the DV for pregnant or lactating women) when used as directed in 

labeling, 

(ii) Nature of the food (A) The food shah meet or exceed the requirements for a 

“high” level of calcium as defined in 0 101.54(b); 

(B) The calcium content of the product shall be assimilable; 

(C)Dietary supplements shall meet the United States Pharmacopeia (U.S.P.) 

standards for disintegration and dissolution applicable to their component cakium salts, 

except that dietary supplements for which no U.S.P. standards exist shah exhibit 

appropriate assimilabihty under the conditions for use stated on the product label: 

(D)A food or total daily recommended supplement intake shall not contain more 

phosphorus than calcium on a weight per weight basis. 



(d) Optionui informution, (1) The ch.ins my include the term ‘W& D” if the 

food meets or exceeds the requirements for a “high” level of vitamin D as de6ned in. 

6 101.54(b); 

(2) The c@n may include information form paragraphs (a) or (b) of this section. 

(3) The claim may list specific risk Getors for osteoporosis, identifying them among 

the multictorial risks for the disease. Such factors include a person’s sex, age, and race. 

The claim may state that an adequate amount of exercise may also reduce risk of the 

dkease. 

(4) The claim may further ident@ the population at particular risk for the 

development of osteoporosis as including white (or “Caucasian”) women and Asian 

women in their bone forming years (approximately I 1 to 35 years of we). The claim 

may also identify menopausal (or the term “middle-aged”) women, persons with a Gmily 

history of the disease, and elderly (or “‘older”) men and women as being at risk. 

(5) The claim may state that adequate calcium intake, or adequate intake of vitamin D 

and calcium if applicable, throughout life is linked to reduced risk of osteoporosis 

through the me&anism of optimizing peak bone mass during adolescence and early 

adulthood. The phrass “build and maintain good bone health” may be used to convey the 

concept of optimizing peak bone mass. When reference is made to tiersons with a family 

history of the disease, menopausal women and elderly men and women, the claim may 

also state that adequate intake of calcium, or adequate intake of vitamin D and calcium if 

applicable, is inked to reduce risk of osteoporosis through the mechanism of slowing the 

rate of bone loss. 



(6) The d&m may include infbrmation on the number of people in the Ubited States 

who have osteoporosis or bw bone density, The sources of &is i&or&.&n must be 

identified, and it must be current infbrmation from the National Center for Health 

Qatistics, the National Institutes of Health, the National Osteoporosis Foundatiroa, or 

“‘Dietary Guidelines fur Americans.” 

(e) Mode2 healfh claim The following model health claims may be used in food 

labeIing to describe the relationship between calcium or vitamin D and c&km and 

osteoporosis: 

MODEL HEALTH CLAIM APPROPRIATE FOR MOST CONVENTIONAL 
FOODS: 

Adequate vitamin D and calcium may reduce the risk of osteoporosis in later lie. 

Adequate vitamin D and calcium helps maintain good bone health and may reduce the risk of 

osteoporosis in later life. 

Regular exercise and a healthy diet with enough vitamin D and calcium m&y reduce the risk of 

osteoporosis in later fife. In persons at high risk fbr the disease, including menopausal women 

and elderly men and women, these nutrients work by slowing the rate of bone lass. 

MODEL HEALTH CLAIM APPROPRIATE FOR FOOD EXCEPTIONALLY HlGH IN 
WiLCXUM AND MUST CALCIUM SUPPLEWENTS: 

Regular exercise and a healthy diet with enough calcium helps maintain g& bone health and 

may reduce the risk of osteoporosis in later life. Adequate calcium intake is impor&mt, but daily 

intakes above about 2,000 mg are not likely to provide any additional benefti. 
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